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STILL 

GOING 

STRONG 
LONG, UNINTERRUPTED service under all 

operating conditions is the characteristic 

you want most in a capacitor.Tobe Capac- 

itors serve so well and so long because 

every step in their manufacture is checked 

and cross-checked by rigid inspections. 

Constant improvement through constant 

research is the promise performed by 

Tobe engineers. An example is the Tobe 

CA -255 Capacitor, shown below, now. 

available in a new drawn container of 

improved construction. Why not call on 

Tobe for prompt, specialized help oil 

your capacitor problems? 

OLD FAITHIlL GEYSER, Yellowstone National Park. Geologists believe it began 
erupting before the last glaciation, about a million years ago. Within record, Old 
Faithful has erupted continuously at about 65 -minute intervals, spouting a column 
of water 95-130 feet high for 41/2 minutes. 

-- 

SPECIFICATIONS -CA -255 
Mineral Oil Impregnated and Filled. Aluminum Foil. 

Highest Grade Kraft Tissue. 

CAPACITY RATING 3 x .1 mfd. 
VOLTAGE (working) 400 V. D. C. 
DIMENSIONS: 1 11/16" wide: 9/16" deep: 2 7/16" long, including chan- 
nel mounting bracket. Mounting centers 2t/g". Three terminals 1/2" on 
centers. Height of terminal 3/4". Diameter of mounting holes, .144. 
FEATURE: Rugged Channel Mounting Bracket securely soldered to con- 
tainer . Increased terminal insulation . Rigid terminal lugs afford 
ample space to handle No. 14 stranded wire . Improved streamlined 
drawn container instead of fabricated can ... Type, capacity and voltage 
die -stamped on container. Meets U. S. Army Signal Corps Specifica- 
tions 71-516-E. 

loneOteSTSCH/VIANN 

CG 

MASSACN 

Other values and voltages may be ob- 
tained in above mentioned container 
construction. Send for details of our 
"OM" and "OD" Capacitors. 

4.4A small part in Victory today... 
A BIG PART IN INDUSTRY TOMORROW! 
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*STABILIZED to keep its tough- 

ness and transparency - that's 

Albanene Tracing Paper. Because 

it is treated with zrystal-clear 

Albanite, a new synth tic solid 

developed in the K&E laborato- 

ries-Albanene will not oxidize, 

become brittle or lose transpar- 

ency with age. Albanene's im- 

proved drawing surface takes ink 

or pencil fluently, eraser. with ease 

... Ask your K&E dealer. 

Uj 
TRADE MARK 

II_uttt4.ri_l 

KEUFFEL & ESSER CO Est -.1867 

CHICAGO NEW YORK HOBOKEN, N. J. MONTREAL 
$T. LOUIS SAN FRANCISCO L,OS ANGELES DETROIT 
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Illustrated at right is a typical crystal 
manufactured by Aircraft Accessories 
Corporation and used in both ground and 
plane radio installations by America's com- 
mercial airlines. Many other types of AAC 
crystal units are being supplied various 
branches of the armed service and other 
government agencies. 
Today, practically all AAC facilities are devoted 
to war production. Tomorrow, advanced AAC 
electronic developments will be available for the 
postwar world. 

Manufacturers of PRECISION 
Burbank, Calif. Kansas 



S Greatest AItiine, 

Oiclie 
ly ! 

i/ = . . 
REALIZING the extreme importance placed by t . ''s upoyhe 

proper maintenance of their communic. 'sns ,'Aircr 
Accessories Corporation has set aside a spec' . ldiv'.ion o - s crystal- ab - 
oratories to provide rapid delivery to airlines . d as iáted communi- 
cations services of a variety of standard stals, = I eliveries in limited 

uantities can be made within a few d 
with adequate priority. 
In the manufacture of quart rystals, AAC development and pro- 
duction engineers employ e experience gained as one of America's 
largest producers of tr ttnitters and other precision radio equipment. 
AAC crystal units meet the most exacting requirements under se- 
vere operatin ' - . nditions. Address all crystal orders and inquiries to 
Electronics ivision, Kansas City, Kansas. 
The s - ices of our Engineering Department in designing special equip- 

are available to you without obligation. 
Products of 

after receipt of purchase order 

ELECTRONICS DIVISION 
TRANSMITTERS AIRCRAFT AND TANK ANTENNAS 

QUARTZ CRYSTALS RADIO 

TEST EQUIPMENT 

is Type AA9 Crystal, 2.5 parts/million 
temperature coefficient, accuracy 
of carrier frequency .01%. Made 
in three models - A, G and E, 
covering total fundamental fre- 
quency range of 200 to 10,000 kc. 
Internal adjustment screw permits 
small amount of frequency control 
in the single crystal units, AA9A 
and AA9G, 

PROMPT DELIVERY 

CCES ORiE ORPOILI TIO 
AIRCRAFT EQUIPMENT HYDRAULICS ELECTRONICS 
City, Kans. New York, N. Y. Cable Address: AACPRO 



THE "PORCUPINE" 

The Porcupine* has 51 trimming adjustments! 

NOT long ago a variable condenser had just so many 

rotor and stator plates and that's all there was to it . 

Today we manufacture hundreds of types complete with 

all accessories to solve many difficult problems. 

So gamed by the .employees who build them. 

THE HAMMARLUND MANUFACTURING CO., INC. 

460 West 34th Street, New York, N. Y. 
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WATER AND 
AIR COOLED 

TRANSMITTING and 
RECTIFYING TUBES 

You can't see many of our "Amperextras", but their effects are apparent 
in the quality, efficiency and longer life of Amperex tubes. Illustrated 

is a highly specialized method of glass fabrication. Among our other novel 

techniques are sealing operation on rotating fires, precise welding, unique 

way of sealing glass to copper, extremely careful chemical cleaning. 

These operations are characteristic of the standards of Amperex-the 
scientific laboratory on an enlarged scale. 

the high Porto, 

Still Your Best Investment .. United States War Bonds 

AMPEREX ELECTRONIC PRODUCTS 
79 WASHINGTON STREET BROOKLYN 1, N. Y. 

HF -300 
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Vem 0414 in assembly line production have been 
brought into focus by the advent of 

CLUTCH HEAD Screws ... opening the way to new degrees of speed, safety, 
simplicity, and economy. 

What other screw invites operator confidence and speed with a recess bull's-eye 
target so wide and so easy to hit? 

What other screw has a straight -walled recess engineered to reduce end pressure 
for a safe effortless drive home? 

What other screw matches the CLUTCH HEAD Lock -Oa feature which unites screw 
and bit as a unit for free one -handed reaching to hard -to -get -at spots? 

What other driver approaches the economy of the rugged CLUTCH HEAD Type 
"A" Bit for long continuous service and simplified 60 -second "on -the -spot" 
reconditioning to original efficiency? 

In field service too ... What other recess has the logical design that makes it 
operative with the ordinary type screwdriver: even with a piece of flattened 
steel rod in emergency? And what other than the Type "A" Bit makes it 
possible to withdraw screws undamaged and saved by the Lock -On for re -use? 

That you may personally 
examine and test these ex- 
clusive features, United in- 
vites you to send for pack- 

age assortment of CLUTCH 
HEAD Screws and sample 
Type "A" Bit; also fully 
illustrated Brochure. 

UNITED SCREW AND BOLT CORPORATION 
CHICAGO CLEVELAND NEW YORK 
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Sanam& Capacitos Can1e lt 
Sangamo Type FI capacitors were designed particularly to meet the critical capacitor 
requirements of medium and low -powered transmitters. Close tolerances, low tosses, 

accurate retrace, and definite temperature characteristics are attributes of this type 

unit. They are manufactured in accordance with American War Standard specifica- 

tions, which include a requirement that the capacitors be subjected to at least five 

temperature cycles through a temperature ronge of from minus 55° C. to plus 85° C. 

-then immersed for two cycles of 15 minutes' duration in water at 65 C. and 20" C. 

respectively, and still have an insulation resistance of greater than 3000 megohms. 

Such requirements necessitate the most comprehensive engineering design and manu- 

facturing procedure. The many hundreds of thousands of Sangamo units of this type, 

now giving satisfactory service under climatic conditions which are as severe as the pre- 

scribed tests, are the best proof of the quality that Sangamo has built into these units. 

SANGAMO ELECTRIC COMPANY 
SPRINGFIELD. ILLINOIS 
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DUAL DIVERSITY RECEIVERS 

by PRESS WIRELESS 

h ' Press Wireless, Inc. is assisting in the . 
design and manufacture of dual diversity 
receivers for the Army of the United States 
and is establishing new standards of pre- 
cision and greater capabilities of service 
for this type of equipment. 

Diversity receivers, high power radio 
!Ab transmitters and other special units Press 
gei 

Wireless is building for war are forerun- 
ners of the still further improved products 
that will be available from Press Wire- 
less for post-war communications systems 
everywhere. 

Awarded to our Hicks- 
ville. L. I. plant for 
outstanding achieve- 
ment. war production. 

Sales Office, Manufacturing Division 

475 BROADWAY, NEW YORK 18, N. Y. PRESS WIRELESS, INC 
Executive Onces 

435 N. MICHIGAN AVENUE, CHICAGO 

RIO DE JANEIRO . MONTEVIDEO BERNE SAN1I GO DE CHILE NEW YORK CHICAGO LOS ANGELES LONDON HAVANA 
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THORIATED-TUNGSTEN FILAMENT 

the G -E electronic -tube devel- 
opment that reduced filament 
power by 80% and made port- 
able radio equipment possible 

aiw7lcrr. 6Feánç7/ 
IT WAS in 1914 that General Electric's Dr. Langmuir 
brought to light the startling electron -emission poten- 
tialities of thorium in tungsten filaments. The tremen- 
dous increase in electronic emission made possible by 
the harnessing of thorium and pure tungsten as a "work- 
ing team" permitted power and power -equipment re- 
quirements to be reduced to ONE -FIFTH of former 
needs - for approximately the same life. 

As a result of this great development, light, portable 
radio transmitting equipment became practical for air- 
planes-police cars-life-boats-Army "jeeps" and foot 
soldiers. 

General Electric's electronic -tube history is a succes- 
sion of such important "firsts"- in development, in ap- 
plication, and in manufacture. You may be sure that 
G -E electronic tubes possess the best that research 
and engineering have uncovered; that they work 
efficiently, dependably, economically, G -E tubes are 

G. E. HAS MADE MORE BASIC ELECTRONIC TUBE 

DEVELOPMENTS THAN ANY OTHER MANUFACTURER 

manufactured in factories which are among the largest 
and best equipped in the world-under the most modern 
methods, and from the finest materials obtainable. 

Ask your G -E electronic -tube distributor or nearest 
G -E office for price list (G -E Bulletin ET -5) and '.de- 

livery dates on tubes for all of yourrequirements. 

GE TUBES ARE FIRST IN INDUSTRY, TOO. For example, General 
Electric developed the thyratron tube, providing precision 
control that makes possible today's high-speed resistance 
welding. This versatile tithe is also the "heart" of G -E Thy- 
mo-trol, which makes it possible to maintain constant speed 
in electric motors regardless of load. - 

Write for book "How Electronic Tubes Work." Address 
Electronics Department, General Electric, Schenectady, 
New York. 

Tune in "The World Today" every evening except Sunday at 
6:45 E.W.T. over CBS. On Sunday listen to the G -E "All Girl 
Orchestra" at 10 P. D1. E.W.T. over NBC. 

GENERAL ELECTRIC 
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Reserve your place NOW in the 
coming great new industry 

ISION 
USE THE G -E EQUIPMENT RESERVATION PLAN TO ESTABLISH YOUR POST-WAR PRIORITY 

TELEVISION has become a fast-moving practical 
reality. In five major areas - Schenectady- 

. Albany -Troy, New York City, Philadelphia, 
Chicago and Los Angeles live talent and 
film programs are being telecast regularly by 
established television stations that have been 
in operation for a number of years. 

Advertisers and agencies are now working 
with many types of programs, and testing com- 
mercial techniques and advertising methods 
that add "visual demonstration" to the present 
"audio salesmanship" of conventional broad- 
casting. These experiments are making 

THE G -E 

television history! A successful television re- 
lay system already links Schenectady and New 
York; New York and Philadelphia-forecast- 
ing a practical nation-wide system of com- 
mercial television service. 

At Schenectady, in the world's most pow- 
erful and best equipped television station, 
WRGB, General Electric has built the com- 
plete television system - from transmitter to 
receiver -= antenna to television relay - right 
down to the air-conditioning and studio equip- 
ment ... ready for your inspection, demon- 
stration and study. 

TELEVISION EQUIPMENT RESERVATION PLAN 
and the brochure, "Television Broadcasting Post-war" 

1 ie pelerU tlecttir 
A' BN/IIr1IT 

88888P4111,1 
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We have mailed these two G -E publications to our list of 
prospective television broadcasters. The Equipment Reser- 
vation Plan will enable you to establish a post-war priority 
on television equipment. It will enable us to plan definitely 
for large-scale post-war production - thereby giving you 
the fastest possible post-war delivery. 

If you are interested in entering .television broadcasting 
and have not received these G -E publications, we shall be 
glad to send them to you. Address Electronics Department, 
General Electric, Schenectady, New York. 

General Electric can supply the 
COMPLETE television broadcast system 



COME TO SCHENECTADY... AND SEE THE WORLD'S MOST 

POWERFUL AND BEST -EQUIPPED TELEVISION STATION 
WRGB, General Electric's workshop television station 
in Schenectady, exists solely as a proving -ground for 
equipment and programs. Here, G.E. has gained vast 
experience in the perfection of the complete television 
system. Here, G.E. has established the technical stand- 
ards: for each specific equipment by actual performance. 
Here, G.E. has gathered a'huge backlog of programming 
knowledge from over 500 shows telecast over WRGB. 

All of this research, equipment, and "know how,". 
covering over twenty years of television experience, is at 
the service of prospective television broadcasters. 

We do not pretend to be able to solve all the problems 
of programming. That is a job which the entertainment 
business and the news business can do - and we are 
confident they will do it. 

We do not pretend to know all about how to make 
television an effective, economical advertising medium. 
That is a job which advertisers and advertising agencies 
can do - and we are confident they will do it. 

We do not pretend to know all the answers involved 
in the business of operating television stations, tying 
them together as networks, and making them pay. That 
is a job for those whose business is broadcasting - and 
we are sure that they can and will do that job. 

The success of . television will require the closest kind 
of teamwork between show business, the news busi- 
ness, the advertising business, the business of manufac- 
turing television broadcast equipment and receivers, 
and the business of retail sales and service of receivers. 

General Electric believes that the strongest contribu- 
tion we can make to this teamwork is television research 
and engineering, and the manufacture of high -quality 
television transmitters and receivers to sell at the lowest 
possible prices. 

G.E. also contributes the facilities of station WRGB 
as a proving -ground to all of these separate industries., 
We are now working with some of the most progressive 
elements in these businesses. The continuing co-opera- 
tion of each one in this common effort will advance 
greatly the coming of national television, and enable it 
to grow rapidly into the great new industry that will 
give employment to hundreds of thousands and provide. 
a new world of entertainment to millions. 
Electronics Department, General Electric, Schenwdtdr New York 

Tune in General Electric's "The World Today" and 'hear the news 
from the men who see it happen, every evening except Sunday at 6:45 
E.W.T. over CBS network. On Sunday evening listen to the G -E "All 
Girl Orchestra" at 10 E.W.T. over NBC. 

STATION AND STUDIO EQUIPMENT TRANSMITTERS ANTENNAS ELECTRONIC TUBES RECEIVERS 



No. 13 IN A SERIES EXPLAINING THE USES OF ELECTRONIC TUBES IN INDUSTRY 

CONSTANT SPEED regardless ol load 

...with G -E electronic -tube control 

The G -E thyratron tube is the 
"heart" of ' he G -E Thy-me-trol 
unit which keeps the gr'ider 

going at uniform speed. 

WHAT happens when a "hard spot"- 
or a "soft spot"- is encountered in a 
grinding machine operation? Nothing 
to upset the machine's stride when the 
Thy-mo-trol, the G -E electronic -tube 
motor control, is used for supplying 
power to the head -stock. Increased load 
causes no slowing; reduced load, no over - 
speeding ... G -E tubes act as either a 
spur or a check -to the power applied as 
may be needed to maintain the speed at 
which the operator has set the machine. 

G -E electronic -tube control of motors 
provides smooth, stepless control of an 
extremely wide range of speeds. It helps 
to insure continuous smooth -surface 
grinding; improve tolerances; reduce re- 
jects - and it provides the right speed 
for each type of grinding operation. 

G -E electronic -tube control is similarly 
applicable to lathes, drill presses, mill- 
ing machines and other motor -driven 
machinery subjected to varying loads. 
The thyratron is but one of a complete 

G.E. HAS MADE MORE 3A5IC ELECTRONIC TUBE 

DEVELOPMENTS THAN ANT OTHER MANUFACTURER 

line cf G -E ele-tronic tubes that are 
enafling many 1.inds of industrial ma- 
chin s tc to their work better, faster, 
more econanicall,7. 

T»bug its nation-wide distributing 
syst3n, General E=ectric is prepared to 
sup-iy use -s of electronic devices with 
repbcemert tubes. 

"'NOW ELECTRONIC TUBES WORK" 

This booklet will be mailed to you without 
charge-. Its 24 pages are interestingly illustrated 
and written in easily understood language. 
Shows typical electronic tubes and their appli- 
cations. Address Electronics Department, Gen- 
eral Electric. Schenectady, N. Y. 

T ae in "The Wierid Today" and hear the 
news direct from the men who see it happen, 
every evening.' except Sunday at 6:45 E.W.T. 
over CBS. On Sunday listen to the G -E "All 
Girl Orchestra" at 10 P.M. E.W.T. over NBC. 

GENERAL ELECTRIC 
162:5 
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PROTECTIVE ENGINEERING... 

FOR THE ULTIMATE 

IN 
VIBRATION CONTROL 

Salsbury Company Moto -Scooter Engine 
Installation on Plate Form Mountings 

Flxible Company Engine Installation 
on Tube Form Mountings 

acf Moto -Railer Engine Installation 
on V. S. Tube Form Mountings 

"Protective Engineering" defines in a phrase the precaution- 
ary methods used to insure the perfect and continuous 
operation of modern industrial equipment. The one single 
factor which causes most breakdowns of equipment is vi- 
bration; but vibration can be controlled and its destruc- 
tive action minimized by using an engineered means of 
isolation. The modern use of flexible mountings to isolate 
vibration is a prime example of Protective Engineering. 
Lord Shear Type Rubber Mountings are designed to ful- 
fill the requirements of a protective device which will 
isolate vibration and prevent any destructive action on the 
assemblies in which they are used. Flexible mountings 
will prolong equipment life, lower maintenance costs, 
insure accuracy of operation, reduce weights by eliminat- 
ing necessity for inertia masses, and cut down noise by 
breaking up metallic paths for sound travel. These advan- 
tages will be gained whether the vibration emanates from 
the mounted equipment or comes from an outside force. 
Necessarily, such a product must be made in many sizes and 
shapes to isolate any piece of equipment, from light deli- 
cate instruments to heavy massive machinery. There are 
two fundamental designs, illustrated at the left-plate 
form and tube form, in snubbing and non -snubbing types. 
The mountings are made with load ratings of a few ounces 
at 1/16" deflection . up to many thousand podnd load 
ratings with deflections up to f" and greater in some cases. 

For complete information covering all Lord Mountings, 
as well as engineering discussion on vibration control, 
write for Bulletins 103 and 104, or call in a Lord Vibration 
Engineer for consultation on your vibration problems. 
There is no obligation. 

BACK THE ATTACK WITH WAR BONDS 

IT TAKES RUBBER K s<., TO ABSORB VIBRATION 

LORD MANUFACTURING COMPANY 
ERIE, PENNSYLVANIA 

SALES REPRESENTATIVES 

NEW YORK - - 280 MADISON AVE. 
CHICAGO - 520 N. MICHIGAN AVE. 

DETROIT - - 7310 WOODWARD AVE. 

BURBANK, CAL. - 245 E. OLIVE AVE. 
CaNOIAN REPRESENTATIVES 

RAILWAY A POWER ENGINEERING CORP.. LTD. 
TORONTO. CANADA 

General Electric Radio Telephone 
Transmitter Installation on 

Holder Type Plate Form Mountings Originators of Shear Type Bonded Rubber Mountings 
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THE AIR INDUCTORS THAT SET THE QUALITY STANDARDS 

Complete COIL Sets 

VARIABLE CONDENSERS FOR 

LARGE OR SMALL -STANDARD OR 
SPECIAL YOUR SPECIFICATIONS 

THESE seven coils -a complete set for amplifier plate 
requirements in a mobile military transmitter-typify 

B & W facilities for the production of Air In Iuctors for 
modern uses. Some of these coils are basic B & W types, 
some are special. All have "armor -type" protection, and all 
are of famous B & W "Air -Wound" construction, unex- 
celled for plug-in and other services. 

B & W Air Inductors are regularly produced in ratings 
from 10 watts to 10 KW in all frequencies. In addition to 
the light, exceptionally durable "Air -Wound" types, con- 
ventional ceramic and phenolic form coils are also available. 
Whatever your coil problem, come to coil headquarters ! 

HEAVY-DUTY JOBS 
Thesefamous B & WCX Variable Air Condensers are shorter than conven- 
tional types, have built-in neutralizers and coil -mounting feature, and 
are constructed for exacting high -power uses. Write for Catalog No. 75-C. 

16 

Exclusive Export Representativese Lindeteves, Inc., 10 Rockefeller Plaza, New York, N. Y., U. S. A. 
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When Watt asked Why, Steam went to Work 

SHEETS 

RODS 

TUBES 

FABRICATED 
PARTS 

MOLDED -MACERATED 
and 

MOLDED -LAMINATED 
FORMS and PRODUCTS 

TEAM jiggled the lid of many a 
kettle before James Watt asked 

why ... and went on to make steam 
work an engine that helped touch 
off the Industrial Revolution. 

Plastics ' provide similar oppor- 
tunities for investigation. 

Possibly you haven't used plastics 
for as many applications as you 
profitably might. Perhaps you haven't 
looked into plastics at all . . . but 

should. So, a suggestion: If you, with 
your first-hand knowledge of the 
properties you need in a material, 
will tell us what your physical, 
chemical, electrical, or mechanical 
requirements are, we will quickly 
see whether our type of technical 
plastics can help you in any of your 
current or future applications. Write 
for the complete Synthane catalog. 
Synthane Corporation, Oaks, Penna. 

SHEETS RODS TUBES FABRICATED PARTS s 1{1\11111ANE MOLDED -LAMINATED MOLDED -MACERATED 

Plan your present and future products with Synthane Technical Plastics 



SUGGESTIONS ON DESIGN FOR THE 
USE OF SYNTHANE 

Synthane technical plastics are easy to machine by usual 

shop methods. However, the work of the production 
department can be simplified and costs and spoilage 
reduced by following these suggestions when designing 
parts: 

PUNCHED OR SHAVED EDGES -Punching produces a relatively smooth 

edge in thicknesses up to 1/16 in. For extra smoothness, especially in 

thicknesses over 1/16 in., shaving should be specified. 

PUNCHED vs. DRILLED HOLES -Tolerance can be held closer on drilled 
holes than on punched holes but rarely is the accuracy of a drilled 
hole necessary if the hole can be punched. 

-d- f--d- 
t 

Minimum 

Satisfactory 

Prefer d 

Objectionable 

Standard Size Cutter 

Economical design makes 
use of standard size tools 

DIAMETER OF PUNCHED HOLES-The 

preferred ratio of hole diameter 
to thickness of material is not less 

than l:1. That is, the diameter of 
a punched hole should not be less 

than thickness of sheet. 

DISTANCE BETWEEN PUNCHED HOLES 

-PUNCHED HOLES NEAR EDGES 

-The distance between the cir- 

cumferences of punched holes or 

between the circumference of a 

punched hole and the edge of a 

piece should not be less than 1-1/2 
times the thickness of the piece. 

HOLES PARALLEL TO LAMINATIONS- 

Avoid large holes parallel to 

laminations where subsequent 

pressure, as from a screw, might 

injure the piece. 

DESIGN FOR MACHINING WITH STAND- 

ARD TOOLS-Try to design parts so 

that machining can be done with 

standard tools or cutters. Specify 
standard size holes and slots 

wherever possible to avoid special 
tooling. 

TOLERANCES-Give careful consideration to tolerances. It is poor 
economy to specify closer tolerances than are actually needed. As a 

matter of fact, laminated plastics cannot be held to tolerances such 

as .000"-.0005". The minimum tolerance advisable on dimensions 

N TOUR PRESENT AND FUTURE PRODUCTS WITH SYNTHANE TECHNICAL PLASTICS 

under 1/2 in. is a total of .002". This tolerance is the absolute minimum 
and all parts should be designed with greater tolerances if possible. 

TAPPING TOLERANCES -Tapping should not be specified closer than a 

Class 2 fit with 65 to 70% of thread. Additional thread depth would 
add very little strength at the risk of breaking threads. 

Try to avoid irregular holes unless 
piece is thin enough to be punched 

Undesirable Preferred 

TAPPING IN A BLIND HOLE-When 
tapping in a blind hole, allow a 

depth of several threads from the 
bottom of the hole to first full 
thread for clearance. 

AVOID IRREGULARLY SHAPED HOLES 

-Eliminate, wherever possible, 
irregularly shaped holes unless 

the thickness of the piece permits 
punching. Irregularly shaped holes 

on thicker sections can be made, 
but special tools are required. 

IRREGULAR COUNTER BORES AND RE. 

CESSES-Eliminate entirely all ir- 
regular counter bores and recesses 

(except round). 

MILLED SLOT WITH SQUARE CORNERS - Avoid 
stopping a milled slot with square corners. 

Allow the bottom of the slot to emerge to the 

surface with the natural contour of the cutter. 

"Climb" milling is recommended. 

Cor reri incorrect 

MARKING PARTS-Most parts can be marked with a punch, engraved 
or printed by the Synthographic process. The thinnest of materials 
can be printed. 

FORCED FITS-The close tolerances required for forced fits in metal are 
not at all necessary in Synthane. Males can be as much as .005' 
oversize. 

EIs_'..-_u_--i ANE SHEETSRODSTURESEAIRICATID PARTSMOLDED-LAMINATEDMOLDED-MACERATID 

YNTIIANE CORPORATION, OAKS, PENNA. 
REPRESENTATIVES IN ALL PRINCIPAL CITIES 



SMALL and MEDIUM 

TRANSFORMERS 
FOR QUICK DELIVERY 

If you have the proper priority rating, Consolidated Radio 
can now make deliveries in a few weeks instead of many 
months! 

Consolidated Radio Products Company has recently 
greatly expanded its production facilities on a wide range 
of small and medium transformers including Pulse Trans- 
formers, Solenoid Coils, Search Coils. Other products in- 
clude Range Filters, Headsets. 

wlC 1/Pi4'[CPJ 
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QUESTION: How important is an air condenser to radio 

tuning? It is the answer to accurate, distinct radio tuning. This 

being so, it is significant that today the variable air condensers 

of Radio Condenser Company are being used by our armed 

forces on all types of radio communication sets, because this 

indicates the condenser's performance of accurate tuning. 

After the war we will return to our manufacture of variable 

air condensers and push button tuning devices for civilian use. 

So, in planning your post-war radio manufacture, plan to use 

Radio Condenser Company products. 

RADIO CONDENSER CO. 
CAMDEN, N. J. 

RADIO CONDENSER CO. LTD., TORONTO, CAN. 
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The Tool 

you'll soon 

coîmectuÉ%. 

The torch bows out. Today, small wires are 
terminated or linked together simply by Indenting 
the connector to the wire with the Burndy HY- 
TOOL. Speedy and simple ... for no torch, no fuel, 
no acid are necessary. 

But the big feature is that simple Indenting elimi- 
nates faulty connections. Note the cross-sectional 
view at the left ... showing how connector and con- 
ductor have been permanently joined by indenting 
with the HYTOOL. The connection is on to stay! 

It's a better electrical conductor, too; since the 
Burndy HYDENT connectors used are of one-piece, 
pure copper construction. No seams or joints to 
loosen, or increase resistance! 

Why not have the complete story on this modern 
connecting method at your fingertips. The Burndy 
HYDENT Catalog, available on request, gives com- 
plete details. 

BURNDY ENGINEERING CO., INC., 
107 EASTERN BOULEVARD, NEW YORK 54,' N. Y. 
1N CANADA: Canadian Line Materials, Limited, la 
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* Suitable for Operation up to 
300° F. 

* Oil Impregnated-Oil Filled 

* Ceramic or Bakelite Tubes 

* Bakelite Cement Ends (Oil 
Proof) 

* Ideal for Extreme High Alti- 
tude Duty 

* No Danger of "Flash Over" 
* No Metal for "Body Capacity" 
* No Internal Corrosion 

DUE TO ITS 

CONSTRUCTION 

The Egyptian Pyramids stand 
majestically, through the ages, as 
mute witnesses to the skill and rugged 
craftsmanship of the thousands of 
slaves who toiled to erect them .. . 

TODAY ... not slaves ... but creative 
engineering skill and willing hands 
achieved the same result with the new 
DUMONT TYPE PC2 Oil Paper 
Capacitor ... an oil impregnated oil 
sealed capacitor that gives assured 
"LONGER LIFE" for continuous oper- 
ation . . its special features and 
construction are exclusive with 
Dumont. 

DUMONT 
ELECTRIC CO. 

MFR'S OF 
CAPACITORS FOR EVERY REQUIREMENT 

34 HUBERT STREET NEW YORK, N. Y. 

BUY 
BONDS 
NOW 
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X -Ray O.K.-your final assurance 
of a perfect tube from Federal. 

Every Federal water cooled tube must 
pass this pre -shipment test. 

It is only one of the 'Multipk Tests" 
Federal makes to bring you the ultimate 
in vacuum tubes. Every know. test of 
mechanical and electronic perfection is a 
Federal "must" ... tubes are tested for 
high -voltage overload ... shelf le is given 
to prevent shipment of tubes with glass strains 
or slow leaks ... and a final, all-inclusive, op- 
eration test leaves nothing to conjecture. 

Federal's "Multiple Testing" adds up to longer 
tube life ... uniform electrical coaracteristics .. . 

and lower cost of operation. Rod:o men acknowl- 
edge that "Federal always has made BETTER Tubes." 

Radin Ranges and Instrument 
Landing .Systems manufac- 
tured by Federal mark the 
principal air routes of the 
nation and control the land- 
ing at ma ny leading airports. 
Pioneers in the develop. 
ment of Aerial ,Navigation 
Equipment, Federal has 
made spectacular contri- 
butions to aviation prog- 
ress. 

Ñderal Telephone and Rad1Çorporation 
Nc Har4 ), N. l. 



7'f/.IØIf$W1(////d1t$ had Netter he right ... 
WE'RE thinking not only of the 
metering and measuring instruments 
in the plane that toes the take-off 
line. To be sure, they are of great 
importance-but just as important 
are the hosts of metering, measuring, 
and testing instruments used in the 
creation of his plane, its guns, its 
accessories; its fighting efficiency. If 
any meter down the line was wrong- 

his chances of safety and success are 
dangerously reduced. 

In a hundred thousand ways, the 
safety and progress of us all depend 
on the accuracy of measuring, meter- 
ing, and testing instruments. To 
create such instruments-to build 
into them the priceless quality of 
sustained accuracy*-is a responsibility 
that the Boes organization, thanks 

to its experience and skill, is qualified 
to shoulder. 

*SUSTAINED ACCURACY is not an easy 
quality to achieve. It must take into account 
all factors of use-must then employ the de- 
sign, the alloys, the construction that infalli- 
bly protect an instrument against all threats 
to its reliable performance. Such instruments, 
obviously, must be built with performance- 
not price-in mind. We invite the inquiries of 
those who are interested in such standards. 

instruments 

for Measuring, Metering & Testing Equipment * The W. W. Boes Co. Dayton, Ohio 
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FOOTBALL PLAYERS are protected with 
head gear and other guards made of 
National Vulcanized Fibre-it combines 
toughness with lightness in weight-half 
the weight of aluminum. One of the 
strongest materials per unit weight, known. 

Vul-Cot WASTE BASKETS of National 
Vulcanized Fibre have wide use in offices, 
institutions, homes. Carry a 5 year guaran- 
tee, made in wide range of attractive colors 
and shapes; won't splinter or corrode. Look 
for Indian Head Trade Mark. 

TRUNKS and LUGGAGE of quality are 
made of National Vulcanized Fibre. It 
provides lightness in weight, great strength 
and durability. Its tough resiliency gives 
luggage the ability to withstand hardest 
use, Look for Indian Head Trade Mark. 

These new ration tokens ... 
uhatme tree hme o7.? 

411, 

They're made of something that you may 
never have seen before, but to men in the 
electrical and other important industries, 
this remarkable material has been well 

known for over 70 years. 

But to tell you simply what it is ... we take cellu- 
lose, treat it chemically to change its structure, then 
we remove the chemicals by a long puring process. 
The resultant product-National Vulcanized Fibre. 

That's what your tokens that cut down shopping 
time are made of-that's what thousands of products 
you see or use every day depend upon. A few are 
pictured below. 

WELDERS use shields made of National 
Vulcanized Fibre for it can be molded into 
just the right shape. Its light -weight, 
resilient, non -dentine, and durable qual- 
ities make it practical, economical and 
long-lasting for this industrial use. 

RAILROADS-In automatic block sig- 
nal systems, the only electrical insulating 
material yet found to possess the required 
durability and resistance to deformation, 
is National Vulcanized Fibre. It insures 
dependable operation of signal systems. 

Your SHOES-Yes, even there, the 
chances are you will find National Vul- 
canized Fibre. It is used in women's shoes 
as a heel seat reinforcement, because it 
provides a strong base, a tighter seat and 
prevents the heels from pulling off. 

HELMETS that protect workers in mines, 
shipyards and hazardous industrial jobs 
are made of National Vulcanized Fibre. It 
helps prevent injuries-has remarkable 
property of absorbing impact blows and 
distributing their forces. 

AIRPLANES-In planes, countless parts 
are fabricated from National Vulcanized 
Fibre for it combines high dielectric and 
mechanical strength, shock and wear - 
resistine properties. A well-known use is 
the collar in the famous self-locking nut. 

MANUFACTURERS! DESIGNERS! ENGINEERS! 

hßÿ 
Send for a Free Copy of 
our eight -page folder 
which suggests practical 
and economical uses to 
which you can put this 

versatile material possessing such an 
unusual combination of physical, electrical 
and mechanical properties. Please write on 
your company letterhead. 

NATIONAL VULCANIZED FIBRE CO. 
Wilmington 99, Delaware 
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WIRELESS COMMUNICATION ON THE WESTERN FRONT 

In 1917 
FOOTE, PIERSON INSTRUMENTS 

WERE SERVING THE NATION 

BACK IN WORLD WAR I manymilitary com- 

munications were received with the crystal wire- 

less sets Foote, Pierson ik Company manufactured 
for the U. S. Army Signal Corps. 

With the manufacture of these SCR 77 crystal 

sets, Foote, Pierson & Company made an early 

contribution to the history of military communi- 
cations. Few then could foresee the eventual im- 

portance of radio in modern warfare. Throughout 
the interval between two wars, our personnel and. 
facilities actively participated in the manufac- 

Crystal wireless re- 
ceiver as built for the 
Signal Corps in 1917 

ture of increasingly efficient radio equipment. 
The experience of nearly five decades in the 

manufacture of communications equipment, elec- 

tronic. and mechanical devices, and all of our 
mass production facilities are fully engaged for 
the duration. But if your peacetime plans require 
that all or part of a product be manufactured for 
you -examine now our diverse manufacturing 
facilities, experience and custom of working to 
exacting standards. 

Don't wait for V -day, write to us todas 

AR., *(eit WillOOTE MI'IFRSOlrT att. CO INC 
MANUFACTURERS OF PRECISION INSTRUMENTS SINCE 1896 

75 Hudson Street Newark 4, N J: 
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BLONDE? ÇMAY8E-$MART? COULD BE! 
4 

MUSCLE? 'NOTMUCH------BUT, 
BROTHER, SHE'LL DO A WHALE OF A JOB 

ON YOUR ASSEMBLY LINE LF rau 
USE THE RECESSED HEAD SCREW 

THAT MAKES SCREW DR! V/Ne TROUBLE- 

PROOF4 --Tf1A T ENDS 

THE NEED FOR SKILL 

y5 
RtG .Ile PHILLIPS 

Anyone can drive Phillips Screws! 
Time was when it took real "he- 

men" to drive screws. They had 
to be strong ... had to have skilled 
hands ... had to be trained. But 
today the job's a cinch for anyone! 

What makes it a cinch is the 
Phillips Recessed Head Screw - 
the screw which, time studies 
prove, steps up screw driving 
speed as much as 50 per cent. 

With Phillips Recessed Head 
Screws, there's no premium on 
brawn! They drive easy-because 
turning power is fully utilized. 
Nor is there any premium on 

, I , i 
AND 

--`r37.T.... 
BRAWN -s -- - 

training or skill. Dangerous driv- 
er skids are out, and workers just 
can't fLmble, make wobbly starts, 
or drive slantwise. 

As a result, untrained girls 
quickly match anything experi- 
enced male operators do - driving 
Phillips Screws. 

Think what this means to you 
in (1) man - and - training hours 
saved, in (2) increased produc- 
tion, in (3) finer workmanship. 
Then ask yourself if you're get- 
ting the same advantages from 
slotted head screws ... or from 
any other type you're using. 

PHILLIPS» SCREWS 

American Screw Co., Providence, 
Atlantic Screw Works. Hartford, Coni. 
"The Bristol Co., Waterbury, Conn. 
Central Screw Co., Chicago. Itt. 
Chandler Products Corp., Cleveland, D hid 
Continental Screw Co., New Bedford. Mass. 
The Corbin Screw Corp., New Britain, Conn, 
General Screw Mfg. Co., Chicago, Ill 

TO MAKE WARTIME 

QUOTAS AND 

PEACETIME PROFITS 

Faster Starting: Driver point 
automatically centers in the 
Phillips Recess ... fits snugly. 
Fumbling, wobbly starts, slant 
driving are eliminated. Work 
is made trouble -proof for 
green hands. 
Faster Driving: Spiral and 
power driving are made prac- 
tical. Driver won't slip from 
recess to spoil material or in- 
jure worker. (Average time 
saving is 50%.) 
Easier Driving: Turning power 
ìs fully utilized. Workers 
maintain speed without tiring. 
Better Fastening: Screws are 
set-up uniformly tight, with- 
out burring or breaking of 
screw heads. The job is 
stronger, and the ornamental 
recess adds to appearance. 

The H. M, Harper Co.. Chicago, III. 
International Screw Co., Detroit, Mich. 
The Lamson & Sessions Co., Cleveland, Ohio 
Manufacturers Screw Products, Chicago, III. 
Milford Rivet and Machine Co., Milford, Conn. 
The National Screw &,. Mfg. Co., Cleveland, Ohio 
New England Screw Co., Keene, N. H. 
ParkerKalon Corp., New York, N. Y. 

IDENTIFY IT! 

Center corners cf 
Phillips Recess are 
rounded .. 
NOT square. _ 

Bottom of Phillips 
Recess is nearly 
flat._, 
NOT tapered to o 

sharp point. - 

Pawtucket Screw Co., Pawtucket, R. I. 
Pheoil Manufacturing Co., Chicago, Ill. 
Reading Screw Co., Norristown, Pa. 
Russell Burdsall & Ward Bolt & Nut Co., Port Chester. N. Y. 
Scovill Manufacturing Co., Waterville, Conn. 
Shákepraof Inc,. Chicago, Ill. 
The Southington Hardware Mfg. Co., Southington. Conn. 



ANDREW Coaxial Cables for the famous HALLICRAFTERS SCR -299 

ANDREW Coaxial Cables are standard equipment on the Hallicrafters- 

built SCR -299: the mobile communications unit that is doing such an 

outstanding job on the fighting fronts. It is highly significant that 

ANDREW Coaxial Cables were chosen as a component of this superb 

communications unit. 

The Andrew Company is a pioneer manufacturer of coaxial cables and 

accessories. The facilities of the Engineering Department are available 

to users of radio transmission equipment. 

COAXIAL CABLES. The Andrew Company is now able to supply standard 70 ohm 
7/6" soft temper coaxial cable in lengths up to 4,000 feet! The cable is electrically 
identical to rigid cables of equal size, but has these extra advantages: the cable may be 
uncoiled and bent by hand, thus greatly simplifying installation; no connectors, junction 
boxes or expansion fittings need be installed in the field; thus a big saving is made in 
installation time and labor. 

DRY AIR PUMP. This hand -operated pump quickly, efficiently and economically 
dehydrates the air inside coaxial cables, in addition to having a multitude of other 
applications. It dries about 170 cubic ft. of free air, reducing humidity from 60% to 10%. 

GAS -TIGHT TERMINAL. The new Andrew glass insulated terminal is an out- 
standing development that provides a 100% air -tight, gas -tight system for gas filled 
coaxial cables. A special design that minimizes shunt capacity makes this terminal 
ideally suited to high frequency operation, 

COAXIAL ANTENNA. Suitable for fixed station use and pretuned at the factory to 
the desired operating frequency, the Andrew type 899 vertical coaxial antenna provides 
an efficient, easy -to -install, and inexpensive half -wave radiator in the frequency range 
from 30 to 200 MC. Careful engineering has utilized to the utmost the well known 
advantages of the coaxial antenna over other types of vertical half -wave antennas. 

CATALOG DESCRIBING COAXIAL CABLES AND ACCESSORIES FREE ON REQUEST. 

WRITE FOR INFORMATION ON ANTENNAS AND TUNING AND PHASING EQUIPMENT. 

COAXIAL CABLES 

DRY AIR PUMP 

GAS -TIGHT 
TERMINAL 

THE ANDREW COMPANY 363 EAST 75TH STREET CHICAGO 19, ILLINOIS 
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-BODY (302) 

:jigW..,:;' 

a r 12». (np to 5 inches in diam- r 

41.2'71i1 * "aezalfe a%1 e przcessed to your specifications within rea- 

.1.«>näl`Die tolerances. ...Ve are also able tc furnish pressed pieces 

to approximately 6 in2hes scriare. The facilities of Centralab's 

engineerir_g and labDratory experience are at your disposal. 

Write f-ar lkiiethi 720 

Division of GLOBE-UN1ON INC., Milwaukee 

BODY (400) 

* Centradite is especio,ly In- 
dicated where Low Theme( 
Expansion, High Resistance te 

Heat Shock, Low Porosity end 
Low Loss Factor core requisites. 

e * SELECTOR SNP -CNES CEtAMIC CAPACIErCe., ma) AND VARIAZIE S-EATITE MULAIMS 
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JOHNSON 
MINIATURE 

SOCKETS 

Pre-eminent in the ceramic socket field, it was to be expected that Johnson was 
asked in 1941 to develop the first miniature ceramic socket (No. 267), or that it 
was qurickly approved and widely adopted a year or more ahead of the field, and 
today is going into critical equipments by the hundreds of thousands. 

The same Johnson skill in engineering both ceramics and metal has gone into the 
No. 277, and the associated shields and shield base (usable with other sockets as 
well). These Johnson sockets not only meet standards (developed jointly by us, the 
W. P. B. Socket Sub -committee, Signal Corps, Navy and private laboratories); in 
each of them you may count on that EXTRA value that's typical of products bearing 
the Viking mark. High grade steatite insulation with long creepage and arcing paths 
and low inter -contact capacity; accurately formed and processed contacts of silver 
plated eryllium copper or phosphor bronze, freely floating and with just the right 
tension, feature this series of sockets. 

If you I -ave a socket problem, whether it's engineering, design, 
substitution, or delivery, first try Johnson. 

Ask for NEW catalog 968D 

JOHNSON 
Made 
PLUGS and JACKS 
INSULATORS 
SOCKETS 
CONDENSERS 
INDUCTORS 
BROADCAST 

CABINETS 

E. F. JOHNSON COMPANY WASECA MINNESOTA 
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The LINK C -N -T synchronizes the operation of its maze 

of precision instruments with built-in CONSTANT VOLTAGE 

The Link Crew Navigation Trainer 
will go down in history as one of 
the outstanding scientific contribu- 

. tions to early and complete victory 
in this war. 

Firmly anchored to the ground 
where a mistake will not be costly in 
life and equipment, "freshmen" of 
the united nations' air forces learn 
the fundamentals of aerial warfare. 
Thus thousands of lives have been 
saved, hundreds of bombers released 
for duty at the front, and thousands 
Of airmen go forth better equipped 
to master the problems of actual 
combat. 

The Link C -N -T is a teamwork 
trainer for pilot, navigator, radio 

operator and bombardier. The heav- 
ens are accurately reproduced for 
celestial navigation. The pilot guides 
his ship over accurately duplicated 
terrain. The radio operator main- 
tains communication with an air - 
base. The bombardier "lays his eggs" 
on the target. And all of these "long 
range" missions take place in a small, 
circular building only slightly larger 
than the familiar silo on our dairy 
farms. 

The results of this careful, safe 
training have been "more bombs on 
the targets-more planes and crews. 
safely home." 

In order to maintain accurate co- 
ordination in all of these various 

41111k ill lilt 
Constant Voltage Transformers 

functions a specific operating volt- 
age had to be maintained. Due to 
the heavy power loads, available 
voltages were fluctuating over such 
a wide range that accurate operation 
of the C -N -T was difficult. 

The answer was built-in SOLA Con- 
stant Voltage Transformers which, 
regardless of power line fluctuation, 
duplicated the operating voltage 
called for on the label. 

Here is another typical example 
of improved product design made 
possible by automatic, self -protect- 
ing SOLA Constant Voltage Trans- 
formers. Available in standard units 
from 10VA to 15KVA or custom 
built to design specifications. 

To Manufacturers: 
Built-in voltage control guaran- 
tees the voltage called for on your 
label. Consult our engineers on 
details of design specifications. 

Ask for Bulletin DCY-74 

Transformers for: Constant Voltage Cold Cathode Lighting Mercury Lamps Series Lighting Fluorescent Lighting X -Ray Equipment Luminous Tube Signs 

Oil Burner Ignition Radio Power Controls Signal Systems Door Bells and Chimes etc. SOLA ELECTRIC CO., 2525 Clybourn Ave., Chicago 14, III. 
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At 7a44«d arsd One 4fta&atëø*t 

Single Terminal 
Kovar-glass lead -through 

HERMETICALLY 

ICAO( MARE 337962, REGISTERED IN U. S. PATENT OFFICE 

Use KOVAR 
for sealing 
ELECTRONIC TUBES 
TRANSFORMERS 
RESISTORS 
CAPACITORS 
CONDENSERS 
VIBRATORS 
SWITCHES 
RELAYS, ETC. 
INSTRUMENTS 
GAUGES 
METERS 
RECEIVERS 
TRANSMITTERS 

Lers All Bork The Attach 
Buy E1TKA Ira Bonds 

Kovar Gauge Glass 
or Sight Tube 

Leak -proof Kovar-glass 
Window Assemblies 

THROUGH the use of Kovar 
and glass, your product can be 

sealed hermetically against air, gas, 
moisture, liquid. 

Hermetic seals of Kovar and glass 
are made in a wide range of styles 
and sizes, ready for quick, easy 
assembly to your apparatus. For 
electrical applications, Kovar seals 
are made with single or multiple, 
solid or tubular, electrodes. 
The seal between Kovar and 

"FOR GREAT 
ACHIEVEMENT" 

glass is a chemical bond in which 
the oxide of Kovar is dissolved 
into the glass during a heating 
process. The result -a hermetic 
seal - permanently vacuum and 
pressure tight, effective under the 
most extreme climatic conditions 
-tropical to stratosphere. 
Kovar IS the answer to permanent 
vacuum or pressure tight sealing. 
Let Stupakoff help engineer 
YOUR hermetic sealing problems 
with Kovar. 

S I N C E 1 8 9 7 

Pleide mitt d tev ali Eeeelteetied 
STUPAKOFF CERAMIC AND MANUFACTURING CO., LATROBE, PA. 
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The Test of High Standards 

of Manufacturing is in the 

TESTING 

SHERROW TUBE UNITS MEASURE: 
Inter Electrode. Capacitance. Gas. Power Output. 
Trans-concuctance. Amplificatioi Factor. Oscilla- 
tion and Frequency Cut-off. Power Rectification. 
Peak Emission. Pulse Tests. Mechanical Impact. 
Noise. V bration. Frequency Dr ft. 

MANUFACTURING PROCESSES: 
Aging-Lfe-Pre-Heat-Bombardment. 

CATHODE RAY: 
Life Rack:-Persistency-Intensity-Pre-Heat. Volt- 
age Breakdown-Gas-Leakage-and Characteristics. 

Sherron 
Electronics 

Joao Arg ,Np -w d, aeW, 

The vaunted magic of the electron tube evaporates just 

as magically-unless the tube does the job it is meant to do. 

Nobody knows that better than do manufacturers with a 

reputation for high standards of production. Every electron 

tube they turn out must be proved performance -perfect, 

before it is released for actual use. It is this rigorous, repu- 

tation -protecting code that has actuated many such manu- 

facturers to install Sherron-engineered tube test devices. 

Increasingly, it becomes evident that ... where the ideal is 

the standard, Sherron test units are standard equipment. 

SHERRON METALLIC CORP. 
1201 FLUSHING AVE., BROOKLYN 6, N. Y. 
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STANDARD OF 
EXCELLENÇE.:.;; 

ïs 

TODAY, the entire output of Bliley Crystal Units is directed to vital 
communications equipment for war purposes. When the United Nations 

win the last battle, as they most certainly will, the fruits of increased engi- 
neering knowledge, expanded facilities and improved production technique, 
will be available to a peace time world ... a new world of greater human 
comfort through applied engineering and science. 

In this new world, Bliley Crystals will take their rightful place with their 
pre-war record of dependability, accuracy and user acceptance. Not counting 
applications covered by war time secrecy necessities, there will be Bliley 
Precision -made Crystals for diathermy, ultrasonic generators, pressure 
gauges, carrier -current communications systems, radio frequency filters, and 
precision interval timers. And, of course, in greater quantities than ever be- 
fore, frequency controlling crystal units for all radio communication necessi- 
ties, F. M. or A. M., fixed, portable, mobile or air borne. As always, Bliley 
Engineers are ready to extend their assistance to you ... call on them freely. 

Let's All Back The Attack-BUY MORE WAR BONDS 

BLILEY ELECTRIC COMPANY - - ERIE, PA. 
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141 °PM TE PEIfilEgre 
` 

ADVANCED Model 250 GSC 

112OOATT RADIO TELEPHON 

AND TELEGRAPH 

TRANSMITTE 
Especially suitable for: 

Airport Traffic Control 

State and Municipal, Police or 

Fire Headquarters Equipment 

Marine Shore Station Communication 

Forestry Patrol Services 

Public Utility & Emergency Use 

Domestic and Allied Government 

Communications Services 

Point-to-point Commercial Services 

The TEMCO 250-GSC Transmitter is a single, 
self-contained utit arranged for local or remote 
control operation, providing facilities for transmit- 
ting telephony, CW or modulated CW. The Trans- 
mitter is AC operated, requiring no batteries for 
microphone, relay, bias or other circuit application. 

Forced draft cooling is employed. It is designed 
insofar as possit le, for operation by inexperienced 
personnel. Frequency changing is accomplished 
by means of front of panel controls. The circuit 
arrangement features the use of beam tetrodes in 

Exciter Unit 

MóAvlátor"Unit 

the oscillator, buffer and intermediate amplifier 
stages. making neutralization unnecessary. The 
final amplifier neutralization requires no major 
adjustment in the field. 

Available to purctasers holding an AA -5 or 
higher priority rating. We will assist in obtaining 
WPB priorities to permit our making immediate 
delivery from stock. 

Direct your inquiry for complete details to 
Department No. I 101. 

I 

Remote Control Unüf 

M C RADIO COMMUNICATION 
EQUIPMENT 

TRANSMITTER EQUIPMENT MFG. CO., INC. 

345 Hudson Street New Yolk 14, N. Y. 

, 

toge Supply 

MECHANIC -AL Rack and panel car.- 
structic n Chassis moves lorwa r! 
tin shelves for removal ani inspec- 
tion. Grey crackle fnish. Chars s 
cadmium plated Antenna rennet - 
lions on top: power anc control 
cables through flex. Dial c amps 
provided 

FREQUENCY RANCE 2 tc :6 wee- 
acvclee continuous tuning. 

FREQUENCY DETERMIA P.TIOK : 

Crysta 14 positicns proside]) or 
electron coupled oscillator 

MODULATION CAP4BILITY 1010% 
with -'DB input High level man]. 
ulaticn. 200 or 6C0 ohm toe inl cl. 

OVERALL AUDIO DISTORTI'DN 
Less Ulan 5% at 30% m,eu. atop. 

OVERALL FRECtUENCY PE- 
SPONS3 Less than 2DB (earn 
200 tc 7,500 CPE. 

CARRIER NOISE Loser Cann 
-50DE from mmximurr mod sta- 
tion. 

MICROPHDNE Single bctton Car- 
bon. Pash-to-talk 

OUTPUT CIRCUIT To vors rto 
an oil alanced transm.irsion line 
having 3 characteristic urge impe- 
dance ïf 30 to 1,00-D ohms, a 
quarter -wave Marconi antenna at 
the cperating frequency, cr any 
antenna whose resistive and mac - 
live zcenponhnt does not exceed 
1,002 calms. 



, . 

mateur 

roadcasting 

tr e.ommercaal 

.iathermy 

@ 

lectric 

Welding 

F 
ilm-Sound 

(Or 
overnment 

Army, Navy &Aviation 

igh Frequency 
Heating 

ndustrial 
Electronics 

...and so on, throughout 
the "alphabet" of 
boundless electronic 
applications 

UNITED 949-A 
Efficient h. f. oscillator 

tube, one of a great many 

UNITED types now available. 

le7e/Zey 
from to Z 

-is assured for long service life when you use UNITED 

Tubes. Despite the urgent demands upon us for tubes to 

fill military needs, we have done surprisingly well in 

keeping other essential requirements supplied. 

Write for new catalog giving descriptive 

data covering an extensive range of 
tubes for electronic power applications. 

TIMS3 
ELECTRONICS -= COMPANY 

42 Spring Street Newark 2, N. J. 

Transmitting Tubes Exclusively Since 1934 



JENSEN RADIO MANUFACTURING COMPANY, 6601 S. LARAMIE AVE., CHICAGO 38, U. S. A. 
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RAYTHEON 

POLTAGE 

STABILIZERS 

ENDBELL MODEL 

%LIZED TO ± ONE HALF PERCENT 

With today's heavy demands =or power, line voltages are constantly 
fluctuating thus impairing the performance o= much precision and 
manufacturing equipment. A 3aythean Voltage Stabilizer incorp- 
orated into such equipment wig control output voltage to plus 
or minus 34% over wide fluctucting voltage limits. Heres what 
Raytheon will do for you. 

Stabilize varying AC input vcltzge _%%...Quickly stabilize 
any load within their ratings ...Input voltage is stabilized within 2 
cycles, variations cannot be ozserved on an ordinary volt meter... 
Stabilizes over wide AC voltage limits, 95 to 135 volts ... Entirely 
automatic operation, connect it and forget it. 

New Bulletin DL48-537 is free. Write for your copy. 
The coveted 

ArmYNe`Y 
-E fae 

Excellence 
ircThe ran St.rRit 

war eeiPment and tuteL 

over ell four RaYt1eon 
ìbo 

where 1rod0 0 for d/ICtOFY' 
ore D 

RAYTHEON MANUFACTURING 
190 WILLOW ST., rVALIHAM, MASS. 
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BRA55 
PQCC'JCTS 

It's a long jump from fishing lures to lancing craft. 

Such are the versatile uses of metals =rom 

Western. Supplied in sheet or strip, drawn or 

stamped parts, Western metals are now used in 

vital parts of war equipment that floats-flies- 
rolls-shoats. Looking ahead to peacetime busi- 

ness, our engineers and metal experts welcome 

inquiries from designers and engineers work- 
ing on post-war products. Our mills are Iccai-ed 

at East Alton, Ill.; and New Haven, Conn. 

?/°,2141t BRASS MILLS 
Division of WESTERN CARTRIDGE COMPANY, East Alton, 211. 

BRASS BRONZE PHOSPHOR E 0NZE NICKEL SILVER COPPER 
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around te 

been samples 
to 150 C. N° 

mandrel and heating the 

the cracks on the enameled 
,Mire. 

GENERAL 

Its tough, flexible insulation enables you 

to produce tighter coils in less time 
When you're using Formex* magnet wire, you can 

literally "go the limit" in speed of coil winding and in ten- 
sion. Its insulation film is so flexible that it can be wound 
around its own diameter without cracking. 

It is so tough that it has thirty times the abrasion 
resistance of conventional enameled wire; so tough that, 
even in the ultrafine sizes, the tension limit is determined 
by the strength of the copper conductor, not by the in- 
sulation. 

Formex wire is smoother and more flexible than either 
enameled or fabric -covered wire. It pulls into place readily 
without forcing or jamming. 

Because of this extra strength and flexibility, you can 
wind coils tighter and faster-and these same qualities 
will insure more coils passing final inspection. 

For more information on Formex magnet wire, get in 

touch with the nearest G -E apparatus office. General 
Electric Company, Schenectady 5, N. Y. 

*Reg. U.S. Pat. Off. 

BUY 

WAR 

BONDS 

ELECTRIC 
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Lip Microphone for Gunfire Noise Cancellation 
h;w 

ro, 

w 
'Lip Mike' 

d Marvel 
,Sound 

Guide 
ArrlY 

Lp !wliercphone r1s;d Bti Gr and Forces 

"Lipp Mike Feratured 

On Notfanal Broadcast 

9n1f h ,,J, 9 

Capable of Ope -clung 
At High Noise Levels; 

Now in Production 

It 

1esraj 

ee .t sSt:3 
r n-- i U.srpr--)o 

Differential Microphone fo +' Tanks 

k l ldg et " M ike r 
y A -nt 

A 

ri 
e/ArmY 

UsMicroPh10hl4479Q 

EiDCTRO-YOCE .WNUFACTUOIN6 CO:, U . 1i39 SOUTH SEND`MENDE.. SOUTH B_HQ, INDIANA 
Exaort Division: i3 East 43th Stree, Mew York 16, N. - U S. A. =rabies- ALAB 

t,, 
B j "o' Se ,vox- 

DN,e1 

1e 

Sonds; S,noesßaied C1n 'm` 5``M`c,phohe 

Sender 

RndioMicrophone 
FarUpper Lip 

BoredbyArmy 

New Lip 

U4er NTili 
v °neA 
aj,',ErCIi, 

ïIP MICROPHONE 

DEIETES NDISES 

G11 ux o 

S°'se Li Microphone ['e -ed in Tanka 

"Mike" frar Tank men 
Baf'ïe$ 1Féec.herica[l r!'c,ise 

GGl.P. MICRODHIONES 
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Official U. S. Navy photograph showing 
Rear Admiral Alan C. Kirk directing 
Naval phases of landing operations on 
Sicily, aided by his staff. Under the 
arrow is the famous TBY landing set 
built by Colonial Radio, using Rola 
Transformers. 

"Design for Invasion" 
MONTHS ahead of landing operations 

the military plans are laid, and often 
. months ahead of that ... new equipment 

to serve some new and vital purpose has to 

be designed and built. 

We're now in the invasion phase of the war 
and with so much staked on the availability 

and dependability of Communications, the 
makers of this equipment have been asked 
again to increase their output. 

The Electronic Industry has done a good 
job. Now, it must do a better one and Rola 
will contribute to the full extent of its 
facilities, its knowledge and its ability. 

THE ROLA COMPANY, INC., 2530 SUPERIOR AVENUE, CLEVELAND 14, OHIO 

ROLA 
4RÑ 

Let's do more :e. in forty-four! 
" NVY 

MAKERS OF THE FINEST IN SOUND REPRODUCING AND ELECTRONIC EQUIPMENT 
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A Belden LL:et al Cord is 
a complete unit including 
unbreakable plug, conduc- 
tor, eonncetor, =train relief. 

Belden- Wiring Harnesses 
for all types of electrical ma- 
chines and equipment pro- 
duced to exact specifications. 

A GOOD 

WAFFLE IRON 

A Goóó Coen, 
1. 

... that's why it's running today 
For years an identifying mark of a good appliance, Belden 

electrical cords and plugs are an indication to the prospec- 

tive customer that the manufacturer was careful in selecting 

all the parts for his equipment. Free from Corditis, irritating 

and widely publicized disease that ruins cords and plugs, 

an imposing percentage of Belden -equipped appliances are 

still running today-when failure may mean loss of service 

for the duration. 
Engineer your new product with a Corditis-free electrical 

cord-confidence-building sign of a good electrical machine 

or appliance. Specify Belden. 

Belden Manufacturing Company 

4625 W. Van Buren Street, Chicago 44, Illinois 

Belden 
agtae-iceeCORDS 
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Aluminum instrument hases for wartime 
electronic equipment are light in weight, 
strong and sturdy. 

- Formed from Alcoa Aluminum brazing sheet, 
the joining of the top to the side walls of this 
instrument base is completed in a brazing 
furnace. The job goes fast.. Man-hours are low. 
The part. is accurate, neat, rigid and strong. All 
of the usual advantages of aluminum are re- 
tained; light weight, resistance to corrosion, fine 
appearance. 

Many a product used by our fighters is 
getting to them faster because this brazing 
method of assembling aluminum was adopted. 
Perhaps you can employ the process to similar 
advantage, reducing the time and labor requir- 
ed for production, simplifying and improving 

your products. Alcoa engineers will gladly help 
you decide. 

Too, there may be places where Alcoa Alumi- 
num Alloys will effect additional savings. The 
light weight of aluminum, its ease of fabrication, 
make work go faster. Attractive, durable 
finishes are easy to apply. The use of aluminum 
may relieve bottlenecks caused by shortages of 
other materials. 

For help on wartime production problems, 
and data that will assist in including Alcoa 
Aluminum Alloys in postwar designs, write 
ALUMINUM COMPANY OF AMERICA, 2136 Gulf 
Building, Pittsburgh, Pennsylvania. 

A LCOA 

!ALUMI. ALCOA iU1111T. 
M. 
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Some of the busiest men in the field 
of electronics today are the engineers 
and designers. They are spending un- 
told "overtime" hours at the special skills 
for which they have trained. But they still 
have time to donate to the blood bank, to 
be air raid wardens, to participate in scrap 
drives, to aid the U.S.O. - and they buy war 
bonds, too. In short, the electronic engineer 
is going all out to win the war. 

EIAYL E 

Raytheon engineers are meeting and an- 
ticipating the vast needs of the military. 
Raytheon is proud to be a leading manu- 
facturer of electronic tubes and equipment 
that more than meet the severe wartime re- 
quirements for high quality and complete 
dependability. 

ARMY -NAVY ' E"' WITH ETAR 
Awarded All Four (Divisions of Raytheon 

for Continued Excellence io Production 

DEVOTED TO RESEARCH AND THE MANUFACTURE OF TUBES AND EQUIPMENT FOR THE NEW ERA OF ELECTRONICS 

ELECTRONICS- May 1944 
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eRecently the Army -Navy "E" for 
production excellence was awarded 
to Allen B. DuMont Laboratories, Inc. 
In accepting this high honor, Allen B. 
DuMont said in part: 
"Originally the Navy 'E' went to that 
ship scoring outstanding marksman- 
ship. Today that 'E' again reverts to its 
original meaning. We of the DuMont 
organization make electronic guns. 
Each cathode-ray tube contains an 
electronic gun. We make those guns 
as accurately as our skill, ingenuity 
and conscientious inspection can 

FOR VICTORY! 

make them. Thus I hope that our 'E' 
is the direct result of good electronic 
marksmanship, as reflected by the re- 
ports from various battlefronts." 
Electronic guns for victory! Such is 
the DuMont contribution to the war 
effort, made possible qualitatively by 
years of pioneering experience, and 
now quantitatively as well by a 400% 
growth in personnel. In four large 
DuMont plants and in several DuMont 
laboratories, continuing electronic vic- 
tories are assured for winning today's 
war and tomorrow's peace. 

411> The loose-leaf DuMont Cathode -Ray Manual and Catalog is 
yours for the asking. Write on business stationery for your copy. 

O ALLEN B. DUMONT LABORATORIES. INC. 

ALLIEN B. DUMONT LABORATORIES, INC., PASSAIC, NEW JERSEY CABLE ADDRESS: WESPEXLIN, NEW YORK 
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siGil EARS CAN yerá USE A RESISTANCE MATERIAL 

1116$1 
sy WHICH 10-141eJ114P 

_. 

THYRITE* is a silicon -carbide ceramic 
material, dense and mechanically strong, 
having nonlinear resistance character- 
istics-the resistance varying as a power 
of the applied voltage. Its resistance char- 
acteristic is stable, and substantially 
independent of polarity or frequency. 
Thyrite has been used for many years in 
many important applications, including 
electronic. Thyrite can be produced in 
various shapes and sizes (those which 
can be successfully molded). 

Here are some of its 
MANY APPLICATIONS 

For protective purposes "to limit volt- 
age.surges) 

As a stabilizing influence on circuits 
supplied by rectifiers 

As a potentiometer The division of 
voltage can be made substantially inde- 
pendent of load current) 

For the control of voltage -selective cir- 
cuits, either independent of or in com- 
bination with electronic devices 

`Reg. U.S. Pat. Off. 

MAY B TH ANSWER TO SOME 

'OF YOUR CIRCUIT PROBLEMS 

rite resistors of several 
rural resnt nc 

levels 

characteristics 
thattheof are it with the 

power ratings. Note the nonlinear s IComQ 
and P wide current rang 

charac- 

teristic extends over an extremely ohm linear resistor. 

characteristic (orange line) of a 1-me9 

The nearest G -E office can tell you what data should be submitted 

notation. Or write direct to General Electric, 

as a basis for a 9 

Section 16-250, Pittsfield, Mass. 

GENERAL e ELECTRIC 
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FLEXIBILITY 
AT SUB -ZERO 

WITH PROTECTION 
AGAINST EFFECTS OF 

EMBRITTLEMENT 

ºiree7uár ß`te de ßcfe 
With the penetration of the 
'upper reaches' by air transpor- 
tation, aircraft design and 
engineering had to overcome 
multiple problems. One of 
the important complexities in- 
volved insulation tubing. Vio- 
lent fluctuations in temperature 
-actuated by sudden, precip- 
itous altitude differentials - 
demanded new materials. 
To meet the tough require- 
ments of Army, Navy and Air 
Force specifications, TURBO Ex- 

truded Tubing was evolved. 
This smooth -wall insulation- 
highly flexible, and with un- 
usual mechanical and dielec- 
trical properties-is unaffected 
by oxidation or sunlight; and 
is immune to deterioration un- 
der transformer oil immersion. 
Furthermore, it is resistant to 
oil, tar, wax, acid and alkali 

ckariebteze 
solutions, and is ,n-absarb 
ent to moi.ttre. 
TURBO E:ctrudeci Tubing is 
availcble in inside diameters 
ranging Frm .©25 to 1.5 
inches, and in endless lengths. 
Standard col,rs include b adt, 
yellow, red, green, blue, 
brown and transparent. 
Samples and data or req.rest.. 

WILLIAM BRAND & CO.. 
ELECTRICAL INSULATING MATERIALS TURBO OIL TUBING AND SATURATED SLEEVING 
VARNISHED CAMBRIC PAPER AND TAPE MICA AND MICA PRODUCES. 

276 FOURTH AVE., NEW YORK, N. Y. 325 W. HURON ST., CHICAGO,. ILL 
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rP s 
to meet all 

quipment and 
apparatus 

needs... 

Mel/IRE 
IDENTIFICATION MARKERS 

AS SIMPlE AND EFFECTIVE 
AS FIN6ERPR/#7$Y 

The WILLIAM 3RAND organization, 
headqua-tºrs fcr wire identification 
marker! for leading manufacturers 
of elecirolit p-oducts, now offers 
another eFecti,e identification com- 
ponent-the Tab -type marker. Com- 
parable it eff ciency and economy 
to the regular TURBO Wire Identi- 
fication Merke ', this new item offers 
"signal -flag" effectiveness in in- 
stantarteDusly indicating extremely 
fine circ,iifs. 
Snug -fitting and non -projecting, 
smooth -bore h -ere again facilitates 

installation even where sharp bends 
or twists must be circumvented over 
conductors. Available in any size, 
length or color, all types meet rigid 
Army, Navy and Air Force require- 
ments. While a wide range of stand- 
ard markings are included, special 
markings can be furnished to speci- 
fications. 

Write today for samples of TURBO Wire 
Identification and Tab -type Markers, and the 
free Specimen Board of the TURBO Line, com- 
plete with samples and sizes. A note on your 
company letterhead will bring them promptly; 
there is no obligation of course. 

WILLIAM BRAND & COMPANY 
BLOCK MICA MICA PLATE AND PRODUCTS VARNISHED OIL TUBING 
SATUt4TED SLEEVING VARNISHED CAMBRIC CLOTHS AND COMPOSITES 

276 FOAM ME., NEW YORK, M. Y. 325 W. HURON ST., CHICAGO, ILL. 
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- until Instrument maker adopts 
the Simpler Fastening Method 

Changing over to Parker-Kalon Self -tapping 
Screws is an assembly improvement made in 
peacetime that paid off in war production for the 
Tagliabue Mfg. Co., of Brooklyn, N. Y. Their 
TAG pressure and temperature instruments are 
in urgent demand by the Air Corps, arsenals, 
and war plants, and every short cut to greater out- 

put is more important today than ever. 

DEPENDABLE STRENGTH is another advantage of 

the simpler P -K fastening method. Above, P -K Type 
"Z" Screws are used (A) to attach steel clips fastening 
window to plastic door; (B) to fasten plastic rheostat 
disc to door; (C) to attach steel clamps holding wire 

to door. The screws form their own strong threads as 

they are turned into plain, untapped holes. One easy 

operation makes a fastening. 

Question every fastening - on the drafting board 
and in production. Ask for a P -K Assembly Engineer 
to help you check up. Or, mail a description of your 

assembly for recommendations. Parker-Kalon Corp., 
192-194 Varick Street, New York 14, N. Y. 

ÿ 
SELF TAPPING SCREWS FOR EVERY METAL AND PLASTIC ASSEMBLY 

DIFFICULTY in judging hole depth, when workers 
liad to tap blind holes for small machine screws, re- 

sulted in taps breaking through, ruining plastic parts. 
Changeover to P -K Self -tapping Screws ended this 
troublesome "blind man's buff", stopped breakage, 
saved tapping time and tap expense. 

NO SPECIALLY TRAINED WORKERS or special 
equipment are needed ... you cab change to the P -K 

Self -tapping Screw method overnight. Experience 
proves, that in 7 out of 10 cases, one of the various types 
of Parker-Kalon Self -tapping Screws will simplify 
metal. and plastic fastening jobs - save vitals man-hours 
- speed production - cut costs - reduce rejects - and 
actually increase fastening strength. 

PARKER-KALON 

SEIF-TAPPIN6 S(R[WS 
46 
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"... So Many Owe So Much To So Few , .. " 

IN peace, the Nation's debt to the radio 
amateur was great. During hurri- 

canes, floods, and other disasters, he 
sprang forward with emergency corn- 
munications. His endless hours of pa- 
tient experimentation-particularly on 
the high and ultrahigh frequencies- 
helped open up, as if by magic, whole 
new segments of the radio spectrum. 
Traffic enthusiasts surprised the people 
with unselfish service; DX hounds 
fostered international good will. 

In this "radio" war, the "ham," along 
with the professional, became the back- 
bone around which the Services and war 

e- 

oLDEST 

jfHY 1146 
HY 615 

2C26 

EXCLUSIVE MANUFACTURER 

SS p E M N D 

OF 

plants built the myriad, complex com- 
munications systems of war, and the 
secret electronic weapons. He has trained 
and inspired the new recruits-the tens 
of thousands of potential "hams." 

Hytron, especially, owes much to the 
radio amateur. When he entered the 
Services and war plants, he took with 
him a knowledge of Hytron tubes- 
particularly v -h -f types-and an admi- 
ration for them.Through his enthusiasm, 
these tubes became vital parts of war 
equipment. When the time comes to 
speak out for the return of his precious 
frequencies, Hytron will not forget him. 

9001 
9002 

RADIO RECFWll`'O 

OEE..cá 

.554 
955 

TueE5 

O R T 
M 

AS 
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HY i$ 

BUY 
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WAR BOND 

ELECTRONICS - May 1944 47 



Turner 
S 11 Broadcast 

Model for Studio 
Performance 

Turner 
U9 -S Fills 

4 Impedance, 
Requirements' 

i 

Turner 
HAN -D 

Hang it, hold it, mount 
it on desk or floor stand - it's truly a handy 
mike! 

i 

When you need crisp, clear reproduction of any sound, turn 

to a Turner Microphone. These instruments are scientifically engi- 

neered to reproduce faithfully all gradations of volume, amplify- 
ing only the vibrations received by the diaphragm, without 

adding any of the harmonics. From the faintest whisper to the 

loudest train whistle, a Turner Microphone will reproduce pre- 

cisely without distortion or blasting. 

For indoor or outdoor use, under all climatic and acoustic 

conditions, you can be sure of intelligible transmissions when 

you specify and use a Turner. For broadcasting studios, vital war 

communications in war plants, airdromes, ordnance plants, docks, 

army camps, police transmitters and other highly sensitive spots 

where accuracy is of supreme importance, you'll be grateful for 

a Turner. 

Whatever you have to say -- whatever sound you 
want to transmit, be sure of superb performance 
with a unit that's rugged and dependable - a unit 
you'll be proud to have seen in your possession. 
It's time to turn to TURNER. 
Crystals licensed under patents of The Brush Development Co. 

Send for Free Microphone Catalog 
The TURNER CO., Cedor Rapids, low. 

r Turner >cTio,rePs in the on:»reeyriealiafrs 

Turner 
99 Dynamic 

for Professional 
Performance 

Turner 
22X -22D 
Crystal or 

Dynamic Unite 
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LAPP -DESIGNED, LAPP -BUILT- TO DO A SPECIFIC JOB 
This is an anteñna base insulator for use on a communi- 
cations center transmitter. It is one of several Lapp de- 
signs for transmitter and receiver mast bases for military 
vehicular radio-on jeeps, halftracks, tanks and other 
rolling equipment. 

Whether or not this special-purpose gadget has appli- 
cation to anything you build or propose to build, there's 
a moral in it for you. In this case, as in hundreds of 
others, an original and impractical design was modified 
by Lapp engineers-to provide a part that meets all elec- 
trical and mechanical requirements, and that Lapp can 
build economically and efficiently. 

Lapp engineering talent and Lapp production methods 
are such that we can say, "If it's an assembly that can be 
made of porcelain or steatite and metal parts, tell us what 

the requirements are and how you think it might be made; 
Lapp will tell you how it can best be made-and will 
make it." Our right to that claim has been proved over 
and over in military electronic production; it's going to 
be a competitive advantage to smart post-war electronic 
producers. Lapp Insulator Co., Inc., LeRoy, N. Y. 
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Aerovox silvered -mica capacitors are de- 
signed for the most critical applications 
requiring precise capacitance values and 
extreme stability. Although otherwise simi- 
lar in external construction and dimensions 
to the smaller molded bakelite units, they 
are encased in molded XM low -loss red bakeliie for 
immediate silvered -mica identification. 

A silver coating is applied to the mica and fired at 
elevated temperatures. This insures not only a posi- 
tive bond but permanent stability of the capacitance 

Average positive temperature 
coefficient of only .003% per 
degree C.-a remarkably low 
value. 
Excellent retrace characteris- 
tics; practically no capaci- 
tance drift with time; excep- 
tionally high Q. 

with respect to time, temperature and hu- 
midity. Units are heat -treated and wax - 
impregnated externally for ultimate protec- 
tion against moisture penetration. 

Ideal for use in circuits where capaci- 
tance must remain constant under all oper- 

ating conditions. These capacitors are specifically de- 
signed for use in push-button tuning, oscillator pad- 
ding circuits, fixed tuned circuits, and as capacitance 
standards, etc., where accuracy and stability are prime 
considerations. 

Write for literature .. 
Available in three types, 1000 

v. D.C. test: Type 1469,.000005 
to .0005 mfd.: Type 1479 (il- 
lustrated), .0001 to .001 mid.: 
Type 1464, .00075 to .0025 
mfd., and .001 mfd. in 600 v. 
D.C. test. 

Standard tolerance plus 

AEROt(OX CORPORATION, NEW BEDFORD, MASS., U. S. A. 

Export: 13 E. 40 ST., NEW YORK 16, N. Y. Cable: 'ARLAB' In Canada: AEROVOX CANADA LTD., HAMILTON, ONT. 

minus 5%. Also available 
with tolerances of plus/minus 
3%, 2% and 1%. 
Minimum tolerance for capac- 
itances up to and including 
10 mmf. (.00001 mid.) plus/ 
minus t/2 mmi. Minimum tol- 
erance available for all other 

capacitances, plus/minus 1% 
or plus/minus 1mmf., which. 
ever is greater. 

. 
Aerovoxisprepared and ready 
to accept orders for Mica 
Capacitors which will meet 
American War Standards. 

INDIVIDUALLY TESTED 

SALES OFFICES IN ALL PRINCIPAL CITIES 
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WHEN STEEL 
GETS TIRED... ..- 
"STRONG AS STEEL';'as a simile, has been exploded. Steel under stress becomes 

fatigued, often cracks, and with every repetition of stress grows weaker until 

failure may result. Every vibratory steel structure eventually ages into a 

period of retrogression. Subjected to excessive loads and impacts as in the 

case of bridges, the structure ages faster, gets old and worn beyond its years. 

Determining the. safety of steel structures, foretelling their useful life by 

Laboratories. means of exact tests 

Write for details. 

INSTRUMENTS RENTAL 
LIST-lists instruments, 
machines and equip- 
ments for rent. 

Service manual de- 
scribes instruments and 
applications. 

Write for RENTAL UST 
and service manual_ .. 

"ENGINEERING 
THINGS TO COME." 

is an important service offered by Waugh 

)741/.1_1. .1 

,fNlAMf.., 

L. 

Illustrated is a piece of pol- 

ished steel (enlargement 
102x) subjected to repeated 

dynamic load until it 
cracked. Wi th this one micro- 

scopiccrack in the piece shown 

above, 50% of the strength 
of the steel is gone and the 

structure of which it is a part 
made that much weaker. 

zo:16keteaL 

Pacific Coast Branch: 180 East Cal_'iornia St., Pasadena 5, California 420 LEXINGTON AVE., NEW YORK 17, N. Y. 



I. F. TRANSFORMERS that drop with paratroopers and ride in 

tanks must have extreme physical stability, such as the one in the illus- 

tration, completely designed and manufactured by AUTOMATIC. 

Stability is important, too, in a source of supply. Through a de- 

pression, a boom, and a war, AUTOMATIC has continued to be a stable 
and reliable source for critical radio parts and assemblies. 

' T TOMA TIC 
\ WINDING CO., /NC. 

KEEP BACKING 
THE ATTACK! 

BUY MORE 
WAR BONDS 

COMPLETE ELECTRONIC ASSEMBLIES & COMPONENT PARTS 
9 0 0 P A S S A! C A V E. EAST N E W A R K, N. J 
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JOHN F. IRELAND, technician in charge of 
the Barnstable (Mass.) County Police Radio 

System, deserves much credit for the 
remarkable life of this pair of HK -54 tubes. 

FINAL AMPLIFIER of the main station (WRAQ) at the Barnstable County Jail and House of Correction, 
showing the pair of Gammatrons still on the job after approximately 38,000 hours of operation. 

WRAQ REPORTS GAMMATRONS STILL 
IN CONSTANT OPERATION AFTER 57 MONTHS 
Strong proof of the extraordinary 
life of Gammatron tubes is con- 
tained in the following report from 
the service files of WRAQ as pre- 
pared by Technician John F. Ireland: 

"Our main station is on the air 24 
hours daily, operating on a fre- 
quency of 39,900 kcs. The final 
amplifier of this transmitter uses a 
pair of HK -54 tubes with 1100 volts 
on their plates. 
"These HK -54s (Serial Nos. 2270 

and 2271) were installed in the 
transmitter on August 3, 1939. Ex- 
cept for shut -downs of short dura- 
tion for minor repairs and the 
checking of other tubes, these 54s 
have been in continuous use since 
installation, and are still on the job 
after approximately 38,000 hours. 

"To further the life of these tubes 
the filament voltage, during standby, 
is dropped from 5.0 volts to slightly 
under 4.5 volts, a relay shorting the 
dropping resistor when plate volt- 
age Is applied. 
"The present modulator tubes, 

also HK -54s, were installed in the 
later part of 1939, and from all in- 
dications still have a long way to go 

before being retired. Filament volt- 
age of these has the same treatment 
as the above." 

Every Gammatron is built of the 
same materials, is exhausted in the 
same severe manner, and passes the 
same rigid tests as those in opera- 
tion at WRAQ. 

BUY AN EXTRA WAR BOND 

H E I NTZ AND KAUFMAN LTD. 
SOUTH SAN FRANCISCO CALIFORNIA 
Army -Navy Production Award bestowed for second time on 

. 

pV January 15, 1944 

7Je4 
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B -L metallic rectifiers provide efficient, dependable conversion of AC 

to DC over a wide range of temperature and climatic conditions. Am- 

bient temperatures ranging from below minus 40° C to above plus 

60° 'C . -are common. 

B-1 metallic rectifiers are available in a wide variety of sizes and 

arrangements to fit practically any power requirement or application. 

Long experience has made B -L the recognized source of authentic 

information on metallic rectifiers. No matter what rectifier application 

you are considering, B -L will be glad to work with you on the engi- 

neering details. 
Write for Bulletin No, 94 

Designers and manufacturers of Copper Sulphide and Selenium Rectifiers, 
Battery Chargers, and D.C. Power Supplies for practically every requirement. 
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Radio Receptor horizontally polar. 
;zed ultra high 'requency antenna 
indicated at top of tower, left. 

For Aferitorious Servile 
on the Production Front 

"We will need 

6000 AIRPORTS 
by 1950" - 

CHARLES I. STANTON 
Civil Aeronautics Administrator 

Man Now 
The planning of radio facilities for your 

airport is as important as the layout 

of the landing areas themselves. 

Specific suggestions for your airport 

traffic control radio equipment and other 

airport radio equipment, based on a 

vast fund of experience in airport and 

airway radio installations, large and 

small, are available without obligation. 

Requirements of projected airports and 

expanded airways may severely tax 

production capacity. Act now. 

We invite an opportunity to cooperate 

with engineers, consultants and local 

contractors. 

Send for our Airport Radio Questionnaire so that we may be able to aid 

you now while your airport still is in the project stage. Our non -technical 

booklet, "Highways of the Air", free on request. Address Desk E5. 

RADIO RECEPTOR -CO, INC. NEW YORK 

251 WEST 9tSiRE 

Engineers and Manufacturers of Airway and Airport Radio Equipment 

SINCE 1 9 2 2 IN RADIO AND ELECTRONICS 
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History of Communications Number lour of a Series 

SMOKE SIGNAL COMMUNICATIONS 

While the puffs of our early American smoke Signals were not as compli- 
cated as the Morse Code, this type of communication was a speedy and 
effective means of communication at that time and could be seen for 
scores of miles on a clear day. Used for transmitting their battle mes- 
sages, smoke signals in the days of the early American meant a progres- 
sive means of communication. 

Restricted by climatic conditions this type of communication was lim- 
ited in its use. Universal microphones in the part they play in modern 
electronic voice communication must withstand the climates of the Arc- 
tic and the Tropics all in a day's work. Built to accomplish a specific 
job, Universal Microphones are "getting the message through" on every 
Allied front. 

Model T-45, illustrated at left, is the new Lip Micro- 
phone being manufactured by Universal for the U. S. 
Army Signal Corps. Shortly, these microphones will be 
available to priority users through local Radio Jobbers. 

UNIVERSAL MICROPHONE COMPANY 
INGLEWOCD, CALIFORNIA 
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Unaffected by 

Atmospheric Humidity... 
No longer need strength of color be lacking in 

pencil leads that feature insolubility. Now, through 

EBERHARD FABER genius, intense color that 

makes for eye -comforting visibility is introduced 

in the new Weatherproof Van Dyke Colored 

Pencils. For quickly convincing proof test a 

sample at your Stationers ... or attach the coupon 

(below) to your business letterhead. 

For all who make the most of 
co or in spite of humidity or prev- 
alent moisture- For Checking 
a For Charting For Making 
Changes or Corrections For Map 
indications For Color -Coding 
s For Personalized Signatures .. . 

Available in a rainbow of 24 
graded colors, in boxed sets of 
12 and 24-or in single colors. 

i e 
I ^,.. r__ 

I I. 

IN FINE WRITING MATERIALS SINCE 1849 

EBERHARD FABER 
37 Greenpoint Ave. Brooklyn 22, N.Y. 

For tent ezamination please send me 
FREE one of your (color desired) 
Weatherproof VAN DYKE Pencils. 

Name 
Positam 
Firm Name 
Firm Address 
City State 



EBERr1ARD 
FABER 

PEINIGIL COMPANY 

37 Greenpint 
Avenue 

Brooklyn 22, N.Y 

titre i: my 250 please 
mail 

Slide Pule at once, to 

YO 41* Name - 
Fi -nt Nam'_ 

Firm .Address 

g Stele_ 
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NEW 
LETTER 
CONTEST 
for SERVICEMEN! 
ELEVEN 1st PRIZE WINNERS 
IN 5 MONTHS IN CONTEST #1 ! 

Yes sir, guys, the hundreds of letters received 
were so swell that double first prize winners 
had to be awarded each of the first four 
months and there were triple first prize win- 
ners the fifth and last month .. . 

SO -HERE WE GO AGAIN! 
Get in on this NEW letter contest-write and 
tell us your first hand experiences with all 
types of Radio Communications equipment 
built by Hallicrafters including the famous 
SCR -299! 

RULES FOR THE CONTEST 
Hallicrafters will give $100.00 for the best letter received during 

each of the five months of April, May, June, July and August. (Deadline: Received by 
midnight, the last day of each month.) ... For every serious letter received Hallicrafters 
will send $1.00 so even if you do not win a big prize your time will not be in vain.... 
Your letter will become the property of Hallicrafters and they will have the right to 
reproduce it in a Hallicrafters advertisement. Write as many letters as you wish. V -mail 
letters will do.... Military regulations prohibit the publication of winners' names 

and photos at present ...monthly winners will be notified immediately upon judging. ., hallicrafters RADIO 
THE HALLICRAFTERS CO., MANUFACTURERS OF RADIO AND ELECTRONIC EQUIPMENT, CHICAGO 16, U. S. A. 
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Remler components and chassis assembly 
-marine sound transmitting systems. 

NEV! RECRUITS trained and supervised by veteran 

!Remler engineers and technicians are helping to supply our 

armed forces with the electronic nerves of war. This organiza- 

tion manufactures many types of radio, radar and sound 

transmitting equipment, in addition to plugs and connectors. 

Improved techniques and expanded facilities frequently per- 

mit quotations at lower prices. Manufacturers with tough war 

jobs are invited to assign part of the task to Remler. 

Wire or telephone if we can be of assistance 

IIEIMLEP COMPANY, »LTD. 2101 Bryant St. San Francisco, IC, Calif. 

REMLER 
SINCE 1918 

nnounciny S Communication L'rui)ment 

PLUGS & 

CONNECTORS 
Signal Corps Navy Specifications 

50-A 
54 
55 
56 
58 
59 
60 

Types: PL NiAF 

61 74 
62 76 
63 77 
64 104 
65 08 
67 09 
68 112 

114 150 
119 159 
120 160 
124 291-A 
125 354 
127 
149 

1136.1 

No. 
212938-1 

PLP PLO PLS 

56 65 56 65 56 64 
59 67 59 67 59 65 
60 74 60 74 60 74 
61 76 61 76 61 76 
62 77 62 77 62 77 
63 104 63 104 63 104 
64 64 

OTHER DESIGNS TO ORDER 
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IS ELECTRoNIc HEAT IACTICAL 

FOR YOUR HATING PROBLEM? 
ELECTRONIC HEATING of non-metallic 

substances is sometimes considered 
expensive - sometimes considered 
cheap. This is because it has been used 
in a wide variety of applications, each 
with its own peculiar characteristics. 
In any application, the overall cost 
comparisons should be made in relation 
to the results obtained. These compari- 
sons should include initial outlay for 
equipment, operating costs savings in 
time, improvement in product, = and 
many other considerations. 

INITIAL COST: Curve A shows the ini- 
tial cost of electronic heating equip- 
ment up to 150 -kw output (540,000 
BTU per hour, max.). Cost per rated 
kw -output is lower for high -power 
than for low -power units. Reasonable 
expected life of an electronic generator 
is at least 25,000 hours of operation. 

MATERIAL HEATED: In electronic 
heating of non-metallic substances, 
high -frequency electricity, generated 
by electron tubes, is "passed through" 
the material to be heated. The electri- 
cal energy is converted to heat; when 
the material is homogeneous, it is 
heated uniformly throughout. Some 
materials are easier to heat than others. 
Curve B gives an indication of the 
efficiency of power -to -heat conversion 
for various substances. In some appli- 
cations, electronic heat is used to sup- 

plement other methods of heating. For 
example, preheating a material to pro- 
duce uniform temperature all the way 
through often improves results when 
the material is finally placed in an oven. 

OPERATING COST: Operating cost 
includes power, and tube replacement. 
An average figure (based on a 15 -kw 
generator) is 3¢ per kw -hour, or about 
1¢ per 1000 BTU output. Since elec- 
tronic heating involves shorter time - 
cycles than other heating methods, ob- 
jects heated by electronic means usually 
lose little heat by radiation or conduc- 
tion to surrounding objects. Hence, 
electronic heating usually involves less 
BTU output from the heat source than 
other heating methods. 

CONCLUSION: Once again, it is 
pointed out that the improvement in 
results when electronic heating is used 
must be considered in comparing the 
cost to that of other heating methods. 
For example, plastics molders have 
been able to increase press output by 
50% when electronic preheating was 
used. Compregwood propeller molding 
time was reduced 67% by electronic 
heat. 

Send the coupon for further informa- 
tion. Radio Corporation of America, 
Electronic Apparatus Section (Th -4FÁ). 
Camden, N. J. 

RCA ELECTRONIC HEAT 

R ADIO CORPORATION 
0 MERLO 

RCA VICTOR DIVISION, CAMDEN, N. J. 

LEADS THE WAY . . . in Radio .. . Television .. 
Iubes . . . Phonographs ... Records . .. Electro,ic 
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OUTPUT POWER 

150KW 

CURVE A-Initial cost of electronic genera- 
tors and cost per rated kw based on a number 
of installations made by different manufac- 
turers. 

HEATING EFFICIENCY 6AOEJ 
AND 

E 

A5 
WET WOB 

POWER FACTOR A GLASSS 
or 11000 NÁRRWS 

OF HEATED MATERIAL 
(GENERATOR EFFICIENCY, 

ASSUMED.75 %), 11111 
MICA 

'OLYSjYREHE 
MYCALE% 

1 

1 

1 

I 

1 

I 

1 

1 

, 

1 

0.1% 1% 2 3 4 5 1096 20 

POWER FACTOR OF MATERIAL 
50 100% 

CURVE R-Assuming a 75% efficiency for the 
electronic generator, the overall efficiency of 
an electronic heating installation depends on 
power factor of the heated material, as shown. 

BUY 

WAR 

BONDS 

RCA, Electronic Apparatus Section, Camden, N. J. 
Please send me details on the new RCA 15-B electronic 

generator. 
Name 

Company 

Address 

City State 
70-45H. 

BM Ma MN BE MI Za MI NMI 11113 MI BB UM J 
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In this "dead" room only the sounds 
which come out of the speakers are 
recorded. Sounds which would other- 
wise bounce back from the walls, ceil- 
ings or other objects are trapped and 
lost forever. The absence of rever- 
beration permits scientifically accurate 
testing in the sound absorbing room 

dah 

silence that makes sound! 

of Utah's complete testing laboratory. 
In making practical the many war - 

created radio and electronic improve- 
ments-in adapting them to today's 
needs and for the commercial require- 
ments ahead, Utah engineers have 
designed new parts and products, devel- 
oped new manufactu-in devices and 

Radio Products Company, 

8 3 7 Orleans Street, Chicago 10, Illinois 

methods and have instituted new, more 
comprehensive testing techniques. 

* * * 
Every Product Made foit the Trade, by 
Utah, Is Thoroughly Tested and Approved 

Keyed to "tomorrow's" 
demands: Utah or alter 

portable recel ier. 
speakers 

and for public adds mid battery set viFirto ` v'treou address ystems.tron 
f Pla9il rstk,s enamel resistors, s 

sw'tches and small electricwirewovnd controls 
motors. 
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EnJorsecl 
in the 
lakoratory 

4 .6 
oPuA 

C MILLIALdPE9ES /-0 

The use of DeJur precision meters in laboratory test equipment 
is an endorsement of their accuracy. In many fine laboratories, these 
meters are subjected to severe day-by-day service. Efficiency remains constant 
because 25 years of electrical knowledge go into their design and engineering. Application 
of DeJur components to your needs, in or out of the laboratory, will provide proof f DeJur quality. Our engineers will gladly work with you on any problem of 

measurement and control ... for present or peacetime assignments. 

Bring the Peace Closer ... Buy More War Bonds 

MANUFACTURERS OF DeJUR METERS, RHEOSTATS, POTENTIOMETERS AND OTHER PRECISIOA ELECTRONIC COMPONENTS 

SHELTON, CONNECTICUT 

. 00uE Nee /N 

NEW YORK PLANT: 99 Hudson Street, New York 13, N.Y. CANADIAN SALES OFFICE: 560 Kling Street West, Toronte 

62 May 1944 -ELECTRONICS 



The Black Hand of Corrosion Can Come from the Skies! 

Humidity, which settles on and in electrical equipment, 
is the forerunner of corrosion that disrupts communica- 
tions and impairs the operation of electrical instruments 
and services. 

That is why it is so important to use an insulation 
material which is resistant to electro -chemical oxidation 
when in the presence of current -carrying copper wire 

and moisture. 

Lumarith (cellulose acetate) is big in the news today 
because it is resistant to the çorrosive influence of 

LUMARITH PLASTICS . . IN FILM . . FOIL . . 

MOLDING MATERIAL AND OTHER FORMS 

moisture, In foil, film, molded and other forms, it is the 

ideal insulator for coils, tubes, bobbins and other 
electrical parts. 

The Celanese Celluloid Corporation's research depart- 
ment has prepared a booklet outlining the properties of 
Lumarith dielectrics. The information you will need: 
dielectric strength, resistivity, power factors, etc. is 
readily available within its pages. Write for your copy. 
Celanese Celluloid Corporation, The First Name in 
Plastics, 180 Madison Avenue, New York City 16, a 

division of Celanese Corporation of America, sole 

producer of Lumarith and Celluloid plastics. 
Representatives: Dayton, Philadelphia, Cleveland, 
Chicago, St. Louis, Detroit, Los Angeles, Wash- 
ington, D. C., Leominster, Montreal, Toronto. 

*Reg. U. S. Pat. Off. 

TUNF, IN The Celanese* Hour-"Great Menients iu Music"-Columbia Network, Wednesdays, 10 P. M., E. W. T. 
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%\ WHERE THE GOING IS TOUGHEST is where 
the men of the U. S. Signal Corps do business 

3inr 
ehind the front, at the front - yes, and 
ahead of the front lines, they are laying 
wire, directing artillery fire, spotting 

enemy movements and putting their superb tech- 

nical training into practice with calmness and 
efficiency in the thick of battle. They don't get as 

many headlines as they deserve, but they rate and 
get the thanks of every soldier, from General to 
buck private. 

Many of our own men, now in the service, 
have been assigned to Signal Corps duty, and are 
frequently using the very equipment they once 
helped to build. Their experience in our plant is 

being put to good use at fighting fronts all around 

the world. Signal Corps training will in turn 
make them all the more valuable to us when 
they return. Thus, important forward strides in 
communications engineered by the Signal Corps, 

manufactured by the communications industry, 
and put to the acid test by superbly trained 
technicians will be available to serve you in the 
postwar world. 

CONNECTICUT TELEPHONE & ELECTRIC DIVISION, 
Great American Industries, Inc. 

MERIDEN CONNECTICUT 

AFTER THE WAR . . . >idu4Meed 
TELEPHONIC SYSTEMS SIGNALLING EQUIPMENT ELECTRONIC DEVICES 

HOSPITAL & SCHOOL COMMUNICATIONS AND SIGNALLING SYSTEMS 

ELECTRICAL EQUIPMENT IGNITION SYSTEMS 

64 

1944 C. 4.1.. Inc.. 11. -.rid Conn. 
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- 2.5 SEC. +- 

CLOTH SHEARING 

SPLIT-SECOND 
PROBLEM: The operation of Curtis & 
Marble Machine Company's Type CMR Auto- 
matic Textile Shear demands a split-second 
timing device for continuous and accurate 
high-speed action. Its four shear revolvers re- 
move surface or selvage threads from rayon 
and cotton cloth. When a sensitive detector 
"feels" a seam, broken needle, or other foreign 
substance which might damage the shears, 
the revolvers are instantly reversed until the 
obstruction has passed. This interval -.mea- 
sured in seconds and occurring several times a 
minute - must be automatically controlled. 
The operation further requires that a second 
obstruction, appearing after the revolvers have 
been reversed, must serve to maintain them 
in reverse until it, too, can travel beyond 
the shears. 

SOLUTION: When Curtis & Marble decided 
to replace the complex and expensive mechani- 
cal device through which this timing operation 
had been accomplished, all timing methods 
were thoroughly investigated. Only Photo - 
switch Timer T15U offered both split-second 
accuracy and long -life, frictionless operation. 
Electronic, it eliminated all but one moving 
part - guaranteed maintenance -free, un- 
limited -life accuracy. Today, after three years 
of textile -mill operation, Photoswitch Elec- 
tronic Timer is, an integral part of every 
Curtis & Marble Automatic Textile Shear. 

Photoswitch Incorporated also manufactures photo- 
electric and electronic equipment for level control 
of liquids and powders, smoke density indication, 
turbidity control, automatic inspection, machinery 
safeguards, counting, conveyor control, property 
protection, and similar industrial applications. 

f 

REVERSING 

Zie- 4 -zed 

SHEARING 

TIMING... 

How Photoswitch Electronic Timer 
Functions on Automatic Textile Shear 

On seam detection, shear revolvers are reversed 
and T15U starts timing interval sufficient to 
allow obstruction to pass beyond last shear - usually 2.5 seconds. At end of interval, 
timer relay operates magnetic switch to 
restore shears to cutting direction of rotation. 
If second obstruction appears during reversal 
period, timer immediately recycles to start 
second interval, thereby maintaining revolvers 
in reverse until second obstacle is safely 
out of way. 

Photoswitch Electronic Timer T15U 
Times any interval from 1/20th of a second to two minutes ... other models to ten minutes. Electronic operation elimi- 
nates moving parts, friction, wear - guarantees complete ac- 
curacy over an unlimited period. Extensively used on Injection 
Moulding Machines, Automatic Spraying Equipment, Process 
Controllers, Embossing Presses, Automatic Machine Tools, etc. 

Write for Bulletin 900-A. 

INCORPORATED 

CAMBRIDGE 42, MASSACHUSETTS 
District Offices in All Principal Cities 

PHOTOELECTRIC AND ELECTRONIC CONTROLS FOR EVERY INDUSTRIAL PURPOSE 
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- POWDERED IRON 

INSULATION 
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STANDARD TYPE 
IPOWDERED IRON 

f-INSULATION 
. ., 
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Brushes-Contacts 
Sintered Iron Com- 
ponents-Carbon 
Regulator Discs - 
Battery Carbons - 
Fixed and Variable 

Resistors - 
Switches, etc., etc. 

1 
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SPECIAL TYPE 

Iron Cores for 
CHOKE COILS 

These popular Stackpole Cores are 
designed for use with audio 
chokes, "hash" chokes, r -f chokes, 
etc. Not only do they permit reduc- 
tions in choke coil dimensions, 
but the iron materially increases 
the "Q". Insulated leads serve as 
coil connections and permit con- 
venient point-to-point wiring. 

Standard and High - Frequency Types 

Long the acknowledged leader in Iron Core 
manufacture, Stackpole can supply practically any 
desired type from 100 cycles to 175 megacycles 
and even higher. Both the Stackpole Standard and 
High -Frequency types are produced in an almost 
infinite variety of shapes, sizes, and characteristics 
to match your needs exactly. Also available is a 

complete line of Stackpole High -Resistivity Cores 
in either insulated or non -insulated types, and 
showing a resistance of practical infinity. 

Insulated Types 

The screws in these integrally -constructed units 
are insulated from the iron cores. Thus, the screw 
is kept out of the coil field and "Q" is greatly 
increased. The distributed capacity of the coil is 
reduced and, in applications where the screw is 
not grounded, there is also a big reduction in 
hand capacity effect. Ask for Stackpole Engineer- 
ing Bulletin No. 7. 

STACKPOLE CARBON COMPANY, ST. MARYS, PA. 
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controlled thread action 

It took engineering skill to create the thread 
action of the Audiodisc coating. During 
recording the thread "kicks" strongly 
toward the center. It is free from annoying static. 
These are only two of the reasons why broadcasting 
studios continue to put their faith in Audio- 
and their programs on Audiodiscs. 
Audio Devices, Inc., 444 Madison Ave., 

New York 22, N. Y. 

As critical metal restrictions are lifted, 
Audio will bring to those who want them, 
more and more aluminum discs. 

sae ,P,cac oic ihem4e/ eß 
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All -Purpose Pocket Size Volt-Ohm-Milliammeter 
A new modernistic styled, compact unit that provides an answer to 
all Volt-Ohm-Milliammeter requirements. Incorporates all the 
testing facilities of larger, more costly equipment. A.C. and D.C. 
Volts 0-2.5-10-50-250-1000-5000 (D.C. at 10,000 ohms per 
volt; A.C. 1000 ohms per volt); 0-.1-1-10-100-1000 D.C. Milliam- 
peres, at 100 millivolts; 0-10 D.C. amperes at 100 millivolts; 
Resistance 0-400 Ohms (10 ohm center scale); 0-40,000 ohms 
(500 ohms center scale) 0-4 Megohms (50,000 ohm center scale). 
Self contained batteries. Selector switch control for all ranges. 

Completely insulated black molded case and panel, attractive 
streamlined design. (Leather carrying case also available to hold 
tester and accessories.) 

The Triplett Line-more comprehensive than ever-goes to- 
day for war needs but its exacting services in war assure 
you the final answer for post-war equipment requirements. 

Tri left 
:CLLCTRICAL 

BLUFFTON 

INSTRIIMLNT CO. 
OHIO*** 

Battery slides into place, 
Easily inserted or removed. 

Twenty position selector 
switch control for all ranges. 
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ELKHART 14DIAN; 

Since 1928, Chicago Telephone Supply Company has specialized in the production of 

variable resistors. When the war ends, present and past experience will be utilized to 

serve the electronic industries with higher -than -ever quality, workmanship and service. 

VARIABLE RESISTORS, PLUGS, JACKS, SWITCHES, TELEPHONE GENERATORS, RINGERS 

BRANCH OFFICE 
S. J. Hutchinson, Jr. 
401 North Broad Street 
Philadelphia 8, Pennsylvania 
Phone: Walnut 5369 

REPRESENTATIVES IN CANADA 
R. W. Farris Frank A. Emmet Co. 
2600 Grand Avenue 283.7 West Pico Boulevard 
Kansas City 8, Missouri Los Angeles 6, California 
Phone: Victory 3070 

C. C. Meredith & Co. 
Streetsville, Ontario 

?2f daeturGct`urt.PJts oledz.u4oty ! éctAcli- a,:yaePseotts sttce /óryó 
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Calibration of a Lavoie 
Precision Frequency Meter, using a 

Crystal Calibrator developed in our laboratories 

drFüiiA to f . pi quo 

IN UHF CALIBRATION AND 
CRYSTAL -CONTROL METHODS 

Our spezializaticn in the development and production of UHF 
equipment has achieved many remarkable results, among them 
original methods of calibrating UHF equipment in less than five 
per cent of the time required by previous methods. Precise and 
quick techniques for generating and identifying very high har- 
monic frequencies are used. These principles are equally va'.u- 
able when applied to crys'al-controlled oscillators. 

The UHF Precision Frequency Meter shown here is indicative 
of the scope of our work and is die result of intensive laboratory 
experimentation which has led us in many directions. In view of 
this specialized background we believe a discussion of any spe- 
cific requirements in the U=`JF fie :d would be of interest to you. 

r/;{ % i/ i/ V iC X. Pi1)iùi 
RADIO ENGINEERS AND MANUFACTURERS 

MORGANVILLE, N. J. 

UHF PRECISION 
FREQUENCY METER 

Completely Portable 
Battery orAC-Operated 

Accuracy 0.1% 

Modes available from 100 to 2000 
mega_yclas with 2 to 1 frequency 
coverage on each model. Avail- 
able only on high priority while 
our nation is at war. 

RECOMMENDED FOR: 

O Production testing 
O Measurement of oscillator 

drift 
® Independent alignment of 

transmitters and receivers 
O Precise measurements of 

frequencies 

Specialists in the Development of UHF. Equipment 
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THERE IS ONLY ONE MYCALEX 
This building houses MYCALEX which, in the opinion of reputable engineers, is ". . . 

the most nearly perfect electrical insulator known today". Developed and perfected 
more than twenty-five years ago, MYCALEX has been improved to such an extent 
that it now possesses advantages which make it superior to other types of glass 
bound mica insulation. 

Trade Mark Reg. U. S. Pat. Oft. 

Keep Buying 
More and More 

War Bonds 

In any number of military and industrial applications . . . in any weather and 
climate . . . the unique properties of Leadless MYCALEX have been tried and 
tested, and found more than satisfactory. A few desirable properties are high 
dielectric strength combined with mechanical strength, heat and arc resistance, low 

moisture absorption, low power factor and low loss. Furthermore, MYCALEX 

meets all standards for close tolerances. Leadless MYCALEX is adaptable, too ... 
it can be cut, tapped, machined,drilled, ground, polished ... or moulded." And 
in any of these assignments it will prove to be extremely dependable. Sheets 

and rods are immediately available for fabrication by us or in your own plant. 

Remember . . . MYCALEX is not the name of a class of materials, but the 
registered trade -name for low -loss insulation manufactured in the WESTERN 

HEMISPHERE by the Mycalex Corporation of America. 

If you have a special job where moulded parts are needed, we invite your specifications 

MYCALEX CORPORATION OF AMERICA 
Exclusive Licensee under all patents of MYCALEX (PARENT) CO., Ltd. 

60 CLIFTON BOULEVARD CLIFTON, NEW JERSEY 
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PRECISION 

blutacate 

QtJAL1TY TUBING 

For years we at Precision have been specialists in the small 

seamless tubing field, from '/ " O.D. on down to 0.010" O.D. 

with whatever wall thickness is required, holding to unusual 

close tolerances. When accuracy and uniformity is the first 

consideration, we can help you. 

We manufacture accurately drawn seamless aluminum, 

brass, copper and nickel tubing to exact specifications. We 

also fabricate and form nickel tubing electrode piece parts 

and various shapes of non-ferrous tubing. 

Your inquiries fur round fad- 
ing in all forms are wulirifwi. 

PRECISION'=""" TUB E CO. 
SPECIALISTS IN ACCURATELY DRAWN TUBING AND METAL SHIELDED WIRE 

Factory: 3824-26-28 TERRACE STREET PHILADELPHIA, PA. 
BRANCHES IN ALL PRINCIPAL CITIES SALES DEPT. 215-05 27TH AYE. BAYSIDE, L. I., N. Y. 
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For over 5 years all Okonite high voltage wires and 

cables have had to pass our self-imposed factory d. c. tests 

atvoltages of 4 to 5 times those required in standard 

a. c. high voltage tests. This procedure was adopted in 

order to eliminate possible defects that a.c. testing could 

not always locate. 

Though not required by purchasers, this extra precau- 

tion has led not only to the production of better cables 

but has also resulted in obtaining cables that are more 

Careful d. r. testing in the factory assures better 
cable performance in service. 

OKONI 

Okonite high voltage ca.' 
bles must pass super -voltage 
tests made with this d. c. 

kenotron set. 

Experience gained 

in high -voltage d. c. testing 

assures reliable 

d.c. Cable Operation 

reliable for the high voltage d. c. applications brought 

about by new electronic developments. 

Our extensive experience with d. c. testing and d. c. 

applications through x-ray, co -axial and other high volt- 

age cables for electronic uses can perhaps prove of value 

to you. Why not outline your problem and requirements 

and let Okonité s Engineering Department cooperate 

with you in obtaining a solution? Please write to 

The Okonite.Company, Passaic, New Jersey. 

- CABLE IN SERVICE 

CHARGING 

1 
CONDENSER 

CABLE 

3 
CHARGING 
CONDENSER 

CABLE 

J 
d. c. supply r l e illustration above) d. supply V (ace illustration above) 

CABLE 
UNDER TEST 
AT FACTORY 

INSULATED WIRES AND CABLES 
including Rubber,Varnished Cambric, Paper, Glass and Synthetics 

Communication, Power and Lighting- in the Electrical and EleaO< 
Rubber, Cambric, Glass and for Control,' 

Communication, Power and Lighting in the and Electrpnic Fields. 3649,'. 
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Imagine stopping 6 horses in less than 
1/20th of a second. That's what Electrons, 
Inc., accomplished in its grid controlled rec- 
tifier C6J. Measuring a mere 9 inches, this 
tube is capable of handling electrical energy 
equivalent to the power of 6 horses, with a 
peak loading of 72 horses. 

Obviously, such power and control places a 
heavy responsibility on the tube's compon- 
ents. So naturally, experienced Electrons, 
Inc. turned to Callite for its lead-in wires 
and welds. 

More than ever as development in the field 
of electron emission tubes has progressed, 

f/!2 20zh aeceyncl 

Callite has become the headquarters for re- 
search and supply of lead-in wires, filaments, 
welds, grids and plates. 

Callite's broad background in the field of 
metallurgy, design and engineering, added 
to its extensive production facilities, ably fit 
this pioneer manufacturer to render every 
service to the radio and allied industry. 

If you have a tube problem where our spe- 
cial knowledge and experience might save 
you time and money, write to us today. 
Callite Tungsten Corporation, 544 Thirty- 
ninth Street, Union City, N. J. 
Branches:. Chicago, Cleveland. 

Specialists in the manufacture of hard glass 
leads, tungsten and molybdenum wire, rod 
and sheet, formed parts, and other components 
for electronic tubes and incandescent lamps. 
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29 PRECISION -MEASURING OPERATIONS IN THIS SINGLE UNIT 

RCP INSULATION TESTER Model 665 $79.50 

This multi -purpose model RCP 665, a V.T. Volt 
Ohmeggor Insulation Tester, is indispensible for accu- 

rate testing in shop and laboratory. This is just one 

unit in the complete line of RCP radio, electrical and 
electronic testing instruments. All are illustrated and 
described in Catalog 128 which should be in your files. 

As we are in position to schedule reasonably prompt 
deliveries of most RCP models, we suggest you write 
for Catalog 128. And if you have 
any unusual test problem, our 
engineers will be glad to contrib- 
ute their specialized experience. 
FEATURES OF #665-Insulation 
testing at 500 volts up to 10,000 
megohms. Vacuum tube voltmeter 
with 13 AC and DC voltage scales 

measuring from a fraction of a volt to 6,000 volts. 
Capacitymeter ranges from 2.5 micromicrofarads to 
2,000 microfarads. Vacuum tube ohmmeter has seven 

ranges to 1,000 megohms. 

Wide scale on 8" D'Arsonval Microammeter with 
accuracy of 2% at full scale Linea; meter movement. 
Maximum protection against burnout. Cannot be dam- 
aged by checking a live resistor or by using too low 

a measurement range. 
Direct reading; complete with 

high voltage test leads, r.f. lead, 
and signal tracing probe; ready to 
operate. Rugged metal case pro- 
vides thorough shielding. Model 
665, size: 93/x12',4x6 inches. 
Weight: 13 lbs. CODE: Utel 

QUALITY WI TH ECONOMY 
The demand of the Armed Forces for quan- 
tity as well os quality made it necessary 
for us to achieve mass production while 
maintaining difficult standards. You get this 
extra skill and quantity production econ- 

omy when you choose RCP. 

REASONABLE DELIVERIES ARE NOW BEING SCHEDULED 

RADIO CITY PRODUCTS COMPANY, INC. 
127 WEST 26th STREET NEW YORK CITY 1,N. Y - 

MANUFACTURERS OF PRECISION ELECTRONIC LIMIT BRIDGES - VACUUM TUBE VOLTMETERS - VOLT-OHM-MILLIAMMETERS - SIGNAI 
GENERATORS - ANALYZER UNITS - TUBE TESTERS - MULTI -TESTERS - OSCILLOSCOPES - AND SPECIAL INSTRUMENTS BUILT TO SPECIFICATIONS 
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through Reliable 
COX EQUIPMENT 

-Le-L 

Radio Communications Maintained 

.1I 

Photographs, courtesy of 
Northwest Airlines 
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Throughout the nation, the major commercial 
airlines are using Wilcox installations to assure 
dependable radio communications. And through- 
out the world, Wilcox radio equipment is 
proving its reliability in military operations. 

WILCOX ELECTRIC COMPANY 
Manufacturers of Radio Equipment 

Fourteenth & Chestnut Kansas City, Missouri 

o 
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IN special test rooms like this, Automatic 
Electric relays undergo insulation break- 

down tests under extremely high voltage. 
From long study of such tests, Automatic 
Electric engineers have developed effective 
safeguards against high potentials in actual 
service. 

* * * 

When war uses of electrical control equipment 
focused attention on the need for improved 
insulation, Automatic Electric engineers were 
well prepared. For insulation technique is a 

factor in relay design to which they had 
already given long study. Today, improved 
methods to meet wartime needs have not only 
improved the performance of war equipment, 
but also will add to dependability of peace- 
time designs. 

Similar studies are constantly being made of 
spring design, contact materials and pressures, 
magnetic circuits, finishes and coil designs. 
The resulting experience is one basic reason 
why Automatic Electric relays perform so de- 
pendably under tough conditions. 

You can take advantage of this background 
by calling in the Automatic Electric field engi- 
neer. A specialist in electrical control, he 
works daily with designers of war products, 
'and will be glad to work with you in selecting 
the apparatus best suited to your needs. 

AUTOMATIC ELECTRIC SALES CORPORATION 
V i 2! 1033 West Von Buren St., Chicago 7, Illinois 

In Canada: Avtomotic Electric (Cpnado) Limited, Toronto 

nauamL 

DANGER 
HIGH VOLTAGE 

1.011 0111011., 114.111 0000 

ASSEMBLIES FOR EVERY ELECTRICAL CONTROL NEED 
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LOOK INTO THE 
T&B STA-KON DISCONNECT* WAY OF WIRING 

It opens up a far reaching extension of 
the T&B basic Sta-Kon principle of 
pressure (solderless) connectors. 

The Disconnect Way of Wiring pro- 
vides infinite combinations for unit and 
multiple assemblies of small wires that 
can be connected, dis -connected and 

re -connected at will. The ability of 

Write our Main Office today for 
Sta-Kon Disconnect Bulletin No. 522. 

Patent Pending. Sta-Kon Re.. l'. s. Pat. 0R. 

T&B Disconnect fittings to retain their 
tension after repeated usage, is due to 

the locked -in -pressure of the essential 
T&B Tip and Coupler. Fully approved. 

Installations are made with standard 
Sta-Kon tools. Distributed solely 
through the service organizations of 
T&B Distributors. 

It tells the full story with illustrations 
and gives complete engineering data. 

THE TH0111115 & BETTS C 
IntORPOROtEO 

manufacturers electrical fittings since 1899 
EIIZARETH. t. fl(W JERSEY 



Now.. . 
thanks to 

Increased 

Production Facilities 

FERRANTI 
"Proven Quality" 

TRANSFORMERS 
CHOKES, FILTERS and ALLIED PRODUCTS 

can be delivered 

WITHOUT DELAY... 

Mark of 
PROGRESS and QUALITY 

Our many years of experience are yours 
to help meet your technical requirements 

FERRANTI ELECTRIC, INC. 
RCA BUILDING 

NEW YORK 20 NEW YORK 
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In a recent tnependent inquiry. 
- 2,000 radio and electrical eng:_neers were asked 

to name the capacitor they prefer. Four out of 
five said Cornell-Dubilier. 
You can be sure that such empl:a:ic preference is 
based on p-esent dependable performance rather 
than on past reputation, solely. And now, what 
does this mean to you? 
It means. that no matter how tough your capaci- 
tor prob:em may be ... no :natter how intricate 
the equi:)rrent required to solve it ... na matter 
how much research may be required to find the 
answer: you will get all th_s and more at C -D. 
There ::s scarcely a capacitor type that we haven't 
already made. and if we haven't, the experience 
acquired in thirty-four years of manufacture will 
certainly enable us to design the capacitor you 
need. Write to Cornell-Dub:flier Electric Corpo- 
ration. So. Plainfield, N. J. 

Wca, 
Type YA13 is a cpropact low -capacity, dykanol impreg- 
nated an filed bypass capacitor; hermetically sealed. 

range at f410 V., .05 mfd. to I mfd.. 
range at 100 V., .05 n-fd. tc .5 mfá- 

eif[1.-e[rr 
YAB-1.0.2 

2X.5 FD 

600% -)C 

MICA DYNANOL PAPER WET AND DRY ELECTROLYTICS 

Rea. C. S.. Pat- Oft 

1944 
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LCO, THELEAVER... 

Much is being said today in the public and 
trade press about Television, the "billion dollar 
industry" of the future. Where will Philco, the 
industry leader, stand when Television is here 
for you to sell ? 

Since 1928, for sixteen years, Philco engi- 
neers have devoted millions of dollars to re- 
search in the field of television. More than any 
other research group, they have been responsible 
for constant improvement in the clarity, sharp- 
ness and detail of the television picture. Their 
pioneer contributions have helped to bring 
television to maturity, ready for rapid expan- 
sion after the war. 

In this and many other directions, Philco has 
been in the forefront of the developments 
that make television a bright hope for the 
future to appliance dealers. And when it is ready 
to sell in your community, you can depend on 
Philco to fulfill the obligations of leadership. 

PHILCO TELEVISION STATION WPTZ 

Since 1933, Philco has owned and operated 
its own television station in Philadelphia, 
sending out studio programs and sports 
events direct from the scene. It has also re- 
broadcast programs from New York, estab- 
lishing the technique upon which future 
television chains can be built. All this has 
been a rich laboratory of experience through 
which Philco engineers will help to make 
television, some day, a nationwide service. 

PHILCO 
CORPORATION 
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1934 

1935 

1936 

1943 

1944 
Year after year Presto has supplied 

more discs to broadcasting stations than 

any other single manufacturer. 

There's a Reason! Broadcast Engineers are the 

most critical of all listeners. It is their business 

to spot the slightest trace of noise or distortion in 

musical reproduction. The clean, crisp, "surface 

free" wide range response of Presto Recordings 

is music to their ears ... and yours, too. It's no 

wonder that year after year they choose- 

Presto Recording Corporation, New York 19, N. Y., U.S.A. 
World's Largest Manufacturers of Instantaneous Sound Recording Equipment and Discs 
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eStifieri-Pkime 
...IT'S FEDERAL'S HIGH SPEED AUTOMATIC SELECTOR 

Just a handful - but Federal's new High Speed 
Automatic Selector closes a circuit faster than 
any human could - and with super -human 
accuracy. 

And this compact, superior instrument does 
countless selection jobs such as: 

1. Connecting a given circuit and any other cir- 
cuit, pre -selected from a group. 

2. Performing varying operations among a 
group of circuits by making consecutive in- 
dividual connections. 

3. Performing the functions of a timing device 
or timing switch when used in conjunction 
with a pulsing device. 

In radio studios it switches between studios .. . 

in railway operation it controls signals .... it 
speeds airport control ... in fact, it fits a thou- 
sand jobs in a thousand industries. 

Federal's FTR 700 Selector can be controlled 
by remote operation of a dial or push-button 
and it takes less power, too. 

Write for full information on the Federal High 
Speed Automatic Selector, which is available 
in 11 point, 6 wipers or 22 point, 3 wipers 
capacities. Check its potential value to you. 

Federal Telephone and Radio Corporation 
Newark 1, N. J. 



A Plug/or our Moulded Plugs 
Ucinite Made three war -vital contributions to the production of these moulded 

plugs and connectors ... By modifying the design, critical screw machine parts and 
labor were replaced by drawn -and -formed sheet brass parts turned out on ordinary 
punch presses ... Manufacturing time was speeded ... Prices were lowered ... And 
the customer got a better product. 

It is a matter of pride with Ucinite to make our specialized experience count on 
every order, wherever possible, these days. It is one of our war aims to do every 
job better, faster and/or at. less cost than the first specifications called for. 

The UCINITE CO. 
Newtonville 60, Mass. 

Division of United -Carr Fastener Corp. 

Specialists in RADIO & ELECTRONICS 

LAMINATED BAKELITE ASSEMBLIES 

CERAMIC SOCKETS BANANA PINS & 

JACKS PLUGS CONNECTORS ETC. 

May 1944 - ELECTRONICS 



NO RICH UNCLE 
PAID FOR OUR EDUCATION 

USE A MANUFACTURER'S 

MANUFACTURER .. 
O to ea .d act - Cate Pe- 
ársarsdiúiIite - CJrce eadI 
Lewyt's business is Contract Manu- 
facturing. We specialize in electric 
and electronic instruments, chassis 
and housings; mechanical and elec- 
trical assemblies; highest precision 
machine work; sheet metal fabrica- 
tions; all types of welding, product 
finishing, etc. 

Our advanced engineering facili- 
ties for the design, re -design, or de- 
velopment of your product may in- 
terest the man upon whom you place 
the responsibility of production. 

That's the man who should have 
our 48 -page book, "Let Lewyt Do 
It". Write for it on your business 
stationery. There is no obligation. 

Where we really got our education was in 
peace -time practice ... not from a short 
course in wartime production. 

Our shingle has been out for 56 years 
and we number among our clients many of 
the biggest names in American Industry. 

"C -Day"- conversion to peace -time 
manufacture - is just 'round the corner. 
More and more materials are being re- 
leased for civilian products. 

Which "shingle" will you turn to for a 
professional diagnosis of your conversion 
program, parts production or new product 

developments? Some recent graduate of 
the easy -come -easy -go school, or one of 
long training in production economies? 

Lewyt is not a war baby. Lewyt is a 
"manufacturer's manufacturer" with 56 
years of cost-conscious "know-how". 

Lewyt returns to peace -time contract 
manufacturing with long experience in 
meeting the needs of production engineers 
who will have only costs and efficiency 
in mind. 

LEWYT CORPORATION, 62 BROADWAY, B'KLYN II, N. Y. 

REMEMBER 

TO BUY MORE 

U.S. WAR BONDS 
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GOVERNMENT ISSUE 

G. I. is ready to Lend a Hand in the $4,500,000,000 
Electronic Requirement for '44. 

Bring on those orders! We have the will 
and the way to help roll 'em off the assem- 
bly lines. Since Pearl Harbor-and before 
-mass production of electronic equip- 
ment for our armed forces has been the 
order of the day at G. I. 

As we have geared our resources to 
the increased tempo of vital war work, 
we are now in a position to function on 
an expanded basis. 

We are prepared to handle widescale 
assignments in the electronic and radar 
fields-assignments which will utilize our 
experience and special techniques for 
mass output of such instruments as vari- 
able condensers, automatic tuning mech- 
anism, wired assemblies and similar 
devices so urgently needed for the final 
great push of our Allied forces. 

ENERAL ¡IÌNSTRUMENTCORPOA?S,N 
d,,,a=r, 

° 
Cf,,* 7 
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INVASION and the 

FINAL CHALLENGE 
The idea that our national security some 

day would depend upon the successful in- 

vasion of continental Europe by our armed 
forces was inconceivable to the average 
American but a few short years ago. Yet, 

today our whole strength is assembled to 
that very action and for assuring a sound 
and permanent peace. 

America became great without aggres- 
sion ... without tyranny. Our greatness has 
been achieved without destroying others .. . 

ours is a history of unprecedented indus- 
trial progress, of development of our own 
resources and reliance on our own efforts. 

Aggression is foreign to American phi- 
losophy. Yet, today we find ourselves faced 
with the choice of destroying or being de- 
stroyed. Today we are confronted by the 
hard fact that the kind of peace which we 
all so fervently desire can be achieved only 
by crushing autocracy and by removing 
the causes of aggression. 

We are now engaged in the accomplish- 
ment of the first objective. Since Pearl 
Harbor a complacent, peace -loving Amer- 
ica - the largest of the "soft" and "de- 
cadent" democracies - has grown strong 
and tough. Out of the inherent virility of 

a free people we have moulded the might- 
iest force for invasion and attack that the 
world has ever seen. 

\Ve have reached our peak rates of war 
production. We are producing as much 
war equipment as all the rest of the world 
combined. 

History will record our industrial mo- 

bilization as a phenomenal achievement. 
The battle of production has been won! 
The full might of our armed forces and 

those of our allies unleashed against the 
Axis war machine will bring eventual vic- 

tory. Two and a half years of intensive 
preparation, backed by 168 years of growth 
as a free nation, has given us superiority 
over twenty years of painstaking prepara- 
tion by the totalitarian and militaristic 
countries with their enslaved peoples. 

Every American has contributed toward 
this powerful offensive. Our manufactur- 
ers and business leaders have exerted their 
fullest efforts. Our industries have mobi- 
lized their tremendous resources - tapped 
to the fullest degree their inventive and 
productive genius. The men and women 
in the factories, on the farms, and in the 
mills and mines have played a magnificent 



part in the tremendous production pro- 

gram. Citizens all are making their con- 

tribution to the armed victory that lies 

ahead 
We have demonstrated that a free peo- 

ple under a free enterprise economy can 

unite in a common purpose. 

When the war is won, we shall be faced 

by our second objective ... removing the 

causes of aggression. This is a social chal- 

lenge. A challenge to those who would 

sacrifice our democratic way of life for 

personal gains or foreign ideologies. 

The best insurance for the continuance 
of our democracy is a successful democ- 

racy. That means a dynamic and not a 

static democracy. All of us who want to 

preserve the ideals that have made Amer- 

ica ... and that includes all but a handful 
of extremists ... must determine to find 

the policies and programs which will per- 

mit us to make the most of the abundance 
nature has provided for us. 

To achieve this end we must recognize 

the fact that we are but a wheel in the 
machinery of world economy. A wheel 

that must drive or be driven. A wheel that 
must mesh smoothly with the many other 
wheels or be stripped of its cogs. 

We are the only nation on earth free 

enough and strong enough to shape the 
mould of its own destiny. We can be ham- 

pered by nothing but our own confusion. 

# # # 

The mind and the heart of all America 

today brood over the shores of Britain and 
watch over the narrow waters that wash 
the beaches of the Continent. And the 
prayers of all America go with each of 

those who embark upon that epic passage. 

Those of us at home who are producing 
the fighting tools and who are so earnestly 
concerned with the problems that will 

face a postwar America, should see now, 

even if we may never have seen it before, 

that all our plans will be worth just exactly 

what the men and women who make that 
passage are prepared, competent, and in- 

spired by their leadership to make them 
worth. 

For those men and women are America! 

They have gone out from rich homes 
and poor homes alike, from farms and fac- 

tories, from schools and churches, from 

mines and ranches, from offices and studi- 

os, to take their places in the battle line. 

They are a cross-section of the America 

that is to be. 

Whoever may draw the plans for that 
America, it is those men and women who 

will make the plans good. Invasion is their 

first step toward that end. May their work 

be speedily done, and may our plans be 

worthy of that work. 

President, McGraw-Hill Publishing Company, Inc. 



Eimac Vacuum Pump 
To create the nearly perfect vacuum 
within Eimac tubes and put vacuum 
pumping on a mass production basis, 
Eimac Engineers developed a whole 
new vacuum technique and much 
special equipment. 

One of the devices resulting from 
these years of research and develop- 
ment is the Eimac HV -1 Diffusion 
Pump together with the special va- 
porizing oil which it requires. 

Today this pump is being made 
available to manufacturers and re- 
search laboratories throughout the 
world. You can obtain full informa- 
tion and technical data without cost 
or obligation by writing direct to 
the San Bruno plant address below. 

This Eimac HV -1 pump is one 
good reason why Eimac tubes are 
unconditionally guaranteed against 
premature failures which are caused 
by gas released internally. This rea- 
son plus outstanding performance, 
great stamina and others have made 
Eimac tubes first choice of leading 
Engineers throughout the world. 

Follow the leaders to 

7- 
o-8 

014 

r +1 the sixty-five page booklet t r that explains the junda- 
t mental' of 

language. 
T is 

layman's language. This 
booklet will assist engi- 

(t ,- neen in explaining these 3 
factsto others. Yours with- 
out 

8 
out obligation. `[\ 

Ask for a copy of 
Electronic Telesis 

EITEL-McCULLOUG1, Il6C., E16 an Mateo Avenue, SAN BRUNO, CALIFORNIA 
Plants loc:ted et: Sun Bruno California and Salt Lake City, Utah 

Export Agent& FR.AZAR & HANSEN, 301 Clay Street, San Francisco, 
California, U. S A. 



Does Your Product Require 
Multi -Contact Sequence Timing? 

Ìrn,. 

A Mallory Interval Time Switch 
May Be the Answer 

If you're designing a product that must practically "think for itself," we welcome the 
opportunity of adapting a Mallory Interval Time Switch to your requirements. 

This versatile switch, with a splendid record in the home laundry machine field, provides 
automatic control of a sequence of "on" and "off" operations involving one or more 
electrical circuits in accordance with a predetermined program. It offers: 

(1) Low, uniform resistance with Mallory contacts. 

(2) Metallurgically correct springs for smooth, dependable, 
mechanical performance. 

(3) Rugged construction to insure long life. 

(4) Electric motor sealed in oil. 

A thoroughly tested switch, extremely flexible to fit a wide variety of requirements. 
Send us your sketch or specifications. 

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 

MALLORY 
P. R. MALLORY a calm. 

Sign Up Your Dollars -- 
Buy More War Bonde 

Approved Precision Products 
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CROSS 

SYMBOLS ... Here we go again! 
Mr. Waldemar Kaempffert, Science Editor of the 

New York Times, has written a proposal for the organ- 
ization of a World Scientific Commission. This was 
published in the magazine Tomorrow and reprinted in 
New York papers as an advertisement by the Inter- 
national Latex Corporation, March 23, 1944. The gist 
of the proposal is simply this, "give us international 
cooperation in science and soon there will be coopera- 
tion in other fields, with the result that science will 
contribute to lasting peace." 

The hopes of Mr. Kaempffert, dean of our news- 
paper science writers, are undoubtedly the hopes of 
every true citizen of the world-the hope for coop- 
eration with all other citizens so that all peoples of 
this globe can move forward together in peace. This 
is most laudable, and, without seeming to be too cyni- 
cal about the prospect, let us state the difficulty of such 
cooperation by citing again the problems of getting a 
very small group of people together on a very small 
matter. 

For a long time, power and communications engi- 
neers have been trying to decide upon a common set 
of symbols to represent the essential components 
which make up electrical and electronic circuits. Un- 
der the powerful stimulus of wartime, considerable 
pressure has been put behind this attempt at standard- 
ization. 

On January 22 a large meeting under the aegis of 
ASA took place, attended by representatives of both 
the power and the communications interests and also 
by the armed services who fervently prayed for a 
quick decision. At this meeting a compromise set of 
symbols was put forth which seemed to be satisfactory 
to those present. Letter ballots were duly sent out 
with the request that they be returned by February 15. 
But by this date, not all ballots had been turned in and 
some two weeks later it developed that some of the 
power people did not feel the compromise symbols 
were satisfactory. 

And so another meeting was held on March 10th. 
New compromises were set up and at the end of March 
new letter ballots went out. A month or so from then, 
say by the middle of May, some indication of the re - 

TALK 

sults of the ballotting may become evident. But sev- 
eral months will have been wasted because a few of 
the power people did not like the compromise symbols 
advocated at the January 22 meeting. In the meantime 
the armed services, tired of being stalled, are showing 
signs of plunging ahead on their own. 

Thus the prospect of a world-wide agreement on 
scientific matters looks a bit difficult-or are we just 
pessimistic? 

RENEWALS .. . What with the present shortage 
of paper and the delays in the mail, it behooves every 
subscriber to ELECTRONICS who wants to receive all 
his copies to renew his subscription promptly upon 
receipt of notice. Otherwise, someone on the present 
waiting list will begin receiving copies and it will be 
next to impossible to fill in the lost issues when the 
tardy renewee gets back on the list. 

RUBBER TEETH . . . At a recent meeting of the 
New York Society for Measurement and Control, Dr. 
Paul G. Weiller, an electronic engineer, brought up an 
interesting point on the use of tubes in control. Said 
Dr. Weiller, "You are probably getting all steamed up 
about the application of electronics to control prob- 
lems. Yet if you have to connect a load to a motor so 
that the load will rotate 1/10th as fast as the motor, 
the sensible thing to do will be to use a set of gears. 
Any good mechanical engineer can design this ar- 
rangement so that the work will turn 100 times per 
minute if the motor revolves 1000 times per minute. 

"Now let us suppose you want to use tubes. You 
must remember, right off the bat, that electronic de- 
vices have `rubber teeth' and that no matter how care- 
fully you design and engineer your system, you must 
always provide for the fact that individual tubes of a 
given type vary in characteristics; that component 
parts to go with the tubes may vary in electrical 
characteristics from to 10 percent from the rated 
normal value; and that sometimes the sum of the 
variables may all go in one direction. 

"A simple gear system or any other simple system is 
always preferable to a complicated system, electronic 
or not. Gears do not have rubber teeth." 



ELE CTRONi 
Circuit development involves three steps: conception, the working model and the final 

engineering design, all affected by normal tolerances of parts 

By S.B. INGRAM 
Electronics Research Engineer 
Bell Telephone Laboratories 

New York, N. Y. 

Mills is an electronic war. Many 
workers in pure science, 

drafted by government agencies, 
find themselves suddenly charged 
with the engineering design of a 
practical electronic circuit. This 
article traces the nature of the 
three general steps required in 
the development of an electronic 
circuit: conception, the construc- 
tion of a working model, and final 
engineering design. 

In general, the circuit designer 
has a function which he wishes his 
circuit to perform. He has avail- 
able an array of components : ca- 
pacitors, inductors, resistors, 
transformers, switches, relays and 
perhaps non-linear elements such 
as saturable reactors-and finally, 
electron tubes. 

The conception of the circuit is 
the intellectual exercise of origi- 
nating, on paper, a device which 
the originator believes will per- 
form the function required. If 
the designer is wise, he will give 
the circuit a thorough mathemati- 
cal analysis at this stage as an 
aid to understanding its future 
operation. 

The next step is to build a work- 
ing model. For the engineer inter- 
ested in tangible results, the pro- 
duction of the model is merely 
the application of the scientific 
method to his particular problem. 

In general, unless the circuit is 
exceedingly simple and conven- 
tional, the first model will not 
work satisfactorily in all respects. 
Then it must be subjected to a 
more thorough analysis to deter- 
mine how it works in its various 
sections, how its parts interact and 
how its behavior differs from the 
theoretical behavior expected on 

Electronic units for field use, like this BC454B radio receiver for radio command 
sets in airplanes, must be designed to take into account the normal tolerance 
variations in electron tubes. These standard tolerances are set forth in Joint 

Army -Navy Specification JAN -1A for Radio Electron Tubes 

the basis of the original considera- 
tions. For this analysis, all the 
tools of the trade are required- 
meters, oscilloscopes and other 
measuring instruments. The an- 
alysis will generally explain the 
discrepancy in performance and 
will probably also suggest an alter- 
native method . of arriving at the 
desired result. 

Both theoretical and experi- 
mental methods of analysis must 
be used and must go hand in hand. 
In this manner an actual circuit 
can be evolved which does what it 
is supposed to do and for reasons 
which are understood. 

Engineering Design 

It is too often assumed that 
when a successful working model 
has been built the job is done and 
to put the circuit into production 
requires only the building of a 
number of other models just like 
the first. 'The fallacy lies in as- 
suming that whole circuits can be 
exactly duplicated, when the corn- 

ponents which they employ involve 
manufacturing variations and tol- 
erances. 

The engineering design of a de- 
vice consists of making sure that 
all subsequently produced units 
will satisfy the performance speci- 
fication when made out of com- 
ponents which vary over the entire 
range of their own manufacturing 
tolerances. Component part man- 
ufacturing tolerances are fixed by 
the limits contained in the accept- 
ance specification of the compo- 
nent in question. 

Having conceived the circuit and 
constructed a working model, the 
designer should try to make the 
circuit fail to perform by select- 
ing adverse combinations of com- 
ponents and operating conditions. 
If he does not do this, his manu- 
facturing department or the users 
of the equipment will do it for 
him later to his embarrassment. 
If adverse combinations of compo- 
nents make it impossible to satisfy 
the requirements of the perform - 
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CIRCUIT DESIGN 
ance specification, consistency be- 
tween the specifications of the 
components and the equipment 
must be established either by re- 
laxing the requirements of the 
performance specification or re- 
ducing the specified tolerances on 
the components. Only when such 
consistency has been established 
can the engineering design of the 
circuit be considered complete. 

Tube Specifications 

Each of the circuit components 
must have its own specification 
which describes its nominal char- 
acteristics and the permissible 
manufacturing tolerances. In 
drafting tube specifications, for 
example, it is necessary first to de- 
termine which of the characteris- 
tics are important in circuit opera- 
tion, then select tolerances con- 
sistent with circuit requirements. 

If a circuit is being designed 
around tubes which already exist 
and whose characteristics are 
specified, the burden is on the cir- 
cuit designer to see that his circuit 
can tolerate variations over the 
whole range permitted by the tube 
specifications. 

It is interesting to note that the 
Joint Army -Navy Specification on 
tubes contains a statement that 
"equipment using the radio elec- 
tron tubes covered by this specifi- 
cation shall be designed so that 
all tubes meeting this specification 
will perform satisfactorily in the 
normal service for which the 
equipment is designed." 

This is not by any means 'a new 
conception. It is simply the elec- 
trical analogue of the concept of 
various "classes of fit" in mechan- 
ical engineering. The American 
standard on screw threads, for ex- 
ample, specifies tolerances on the 
dimensions of the threads of nuts 
and bolts so that for a Class 1, 2 or 
3 fit any bolt falling within the 
tolerances of its specification may 
be fitted to any nut falling within 
the tolerances of the correspond- 
ing nut specification without the 

application of undue force or pro- 
fanity by -the mechanic whose job 
it is to put them together. 

It is true that in mechanical en- 
gineering a procedure known as 
selective assembly, in which 
matched parts must be selected 
and assembled by a process of cut 
and try, is well recognized. But 
the Services have said before and 
continue to say in broadsides to 
manufacturers of electronic equip- 
ment, in which one can detect a 
slight note of desperation, that 
they do not want. any electronic 
equipment which some doughboy 
is going to be called upon to put 
together under gunfire by a process 
of selective assembly. It is the 
joint responsibility of the design- 
ers of electronic circuits and tubes 
to see that it isn't necessary. 

QUESTIONS 
to Ask Yourself 

Will the circuit work when you put in a 
spare tube? 

Will all the models work when you put 
in any of the spare tubes? 

You know the tolerance limits of the re- 
sistors and capacitors, but do you know the 
g,,, limits of the tubes in the circuit? 

Tubes hold a unique position 
among the components of a circuit 
because they are generally the only 
components which are replaceable 
items. Resistors, transformers 
and other parts are usually sol- 
dered in for the life of the equip- 
ment. Their replacement is a re- 
pair job to be performed by an 
expert. On the other hand, re- 
placement of a tube is a more fre- 
quent procedure and the equipment 
must work with any spare tube 
which is inserted, and any spare 
tube means any tube which meets 
the requirements of the specifica- 
tion under which it was accepted. 

In many tube specifications 
there is a tendency to fall back 
on operation tests, that is, satis- 
factory performance in a sample 

unit, as an over-all control of 
quality. Operation tests have the 
weakness that they prove only that 
a given tube will operate in a given 
unit. They give no assurance that 
the same tube will operate in 
another unit with a different com- 
bination of components. 

Experimental Procedure 

The process of establishing con- 
sistency between the specification 
of components and the overall cir- 
cuit specification can be carried. 
out by a variety of means. In 
many cases, circuit operation can 
be sufficiently well subjected to 
mathematical analysis that the 
effect of variations in tube char- 
acteristics on over-all perform- 
ance, for instance, can be pre- 
dicted. In other cases, effects 
similar to those resulting from 
variations in characteristics may 
be produced by substituting tubes 
known to have characteristics near 
the extreme specified limits. Varia- 
tions in characteristics can fre- 
quently be simulated by artificial 
means. For example, a small ca- 
pacitance may be introduced to 
represent a variation in the inter - 
electrode capacitance of a tube, or 
a small direct voltage from a po- 
tentiometer may be inserted in 
series with a grid to investigate 
the effect of a variation in grid 
characteristic. 

Obviously, considerations as 
general as those given here will be 
found subject to many practical 
limitations when applied in a va- 
riety of actual cases. Under pres- 
sure of war schedules, it may fre- 
quently be impossible to do a one 
hundred percent job in applying 
ideal design principles. Never- 
theless, any effort spent by the de- 
signer in assuring himself that the 
circuit is capable of accommodat- 
ing the characteristic variations 
known to exist in the components 
is time well spent, since just that 
many causes of operation or manu- 
facturing trouble will be fore- 
stalled. 
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Police Satellite System 
F.M signals from 39 -Mc mobile transmitters are automatically relayed to a central point 
by two 118 -Mc mountain -top stations when cars are in remote areas. The design of 60 - 
degree corner reflector receiving antennas used to avoid interference is discussed in detail 

FIG. la-One of the two unidirectional 118 -Mc arrays used at Sacramento for 
receiving signals relayed by the Mt. Diablo and Blue Canyon repeater stations. 
Use of a coaxial antenna permits the entire assembly to be built around a single 

support -point, facilitating orientation 

FIG. lb-Details of the receiving array pictured in Fig. la. The frame is con- 
structed of maple and birch. The two wooden members fastened to the coaxial 
antenna are lacquered, and other supports are protected by two coats of outside 

white paint 
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By E. S. NASCHKE 
Supervising Radiotelephone Operator 

California Highway Patrol 
Sacramento, Calif. 

REPEATER STATIONS transmitting 
on 118,550 kc have recently 

been installed at Mt. Diablo and 
Blue Canyon, California, to pro- 
vide better reception in Sacra- 
mento of mobile police units operat- 
ing on 39,780 kc in remote areas. 

Sacramento and the two repeater 
transmitter sites are nearly in a 
straight line with respect to each 
other, lacking only about 15 deg of 
being so situated. The city lies 
approximately 65 miles southwest 
of Blue Canyon and 52 miles north- 
east of Mt. Diablo. 

Both repeater station sites over- 
look the Sacramento Valley and this 
created a problem. It was found 
that transmissions from FM mobile 
units working in certain areas near 
the two automatic stations some- 
times turned on both repeater 
transmitters. However, satisfac- 
tory limiter action would not al- 
ways be realized in both control re- 
ceivers and the transmission from 
the repeater station so affected 
would be more noise than intellig- 
ible signal. 

Since the carrier strength of the 
10 -watt Mt. Diablo and Blue Can- 
yon FM transmitters is substan- 
tially the same, the ultimate signal 
realized at the loudspeaker con- 
nected to the Sacramento receiver 
was in many cases unintelligible. 
This fact caused no end of difficulty 
to the operators on duty at the mon- 
itoring point. 

This problem led to a search for 
undirectional receiving antennas 
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for use at Sacramento, one to re- 
ceive Mt. Diablo and block out Blue 
Canyon, and the other to receive 
Blue Canyon and discriminate 
against Mt. Diablo. 

Antenna Array Design 

Circumstances made it desirable 
that each antenna system match the 
input of available FM receivers; 
that it require little space for 
mounting and be unaffected by 
weather. Before the final design re- 
sulted, experiments were conducted 
with three -element reflector -director 
arrays and simple parabolic reflec- 
tors, with little or no success. 

First experiments with a square - 
corner reflector also left much to 
be desired. The chief difficulty ex- 
perienced with experimental mod- 
els was the lack of sufficiently high 
front -to -back ratio. While field 

strength ratios of two -to -one in the 
case of frequency -modulated sig- 
nals are usually sufficient to cause 
the elimination of the weaker sig- 
nal, reflections from nearby steel 
objects and buildings prevented 
realization of the desired results. 

Later, attention was drawn to 
data on square -corner reflectors by 
Kraus' and Termans. Accordingly, 
a sixty -degree corner reflector an- 
tenna was designed, utilizing this 
data. 

First trials with this antenna 
were disappointing. The same dif- 
ficulty as before was experienced- 
too low front -to -back ratio. How- 
ever, the addition of auxiliary re- 
flector and director elements placed 
a quarter wave behind and a quar- 
ter wave in front of the coaxial ele- 
ment gave surprising results. It 
was possible to eliminate one of the 

TABLE I 
Relative Signal Strengths for Various Positions of 
Antenna Array With Respect to Distant Transmitter 

ANTENNA POSITION 

METER READINGS (See text) 

With Aux. 
Director 

(n a) 

Without Aux. 
Director 

(g a) 

Maximum signal 9.5 9 

Minimum signal 2.0 6 

Midway between minimum and maximum 
signal positions 6 6 

FIG. 2-The two re- 
ceiving arrays on a 
Sacramento rooftop. 
Since the photographs 
were taken, the array 
at the left has been 
moved along the wall 
to the left to decrease 
absorption of the signal 
received from Mt. 
Diablo by a nearby 

vertical antenna 

repeater transmitter signals while 
receiving the other. 

Later tests proved that the auxil- 
iary reflector element was unneces- 
sary and so it was eliminated in the 
final design. Figure la shows how 
it was possible to build such an an- 
tenna system using a single sup- 
port, and Fig. lb shows the dimen- 
sions of the various elements of the 

62µv 

Complete 
array 

Coaxial - 
antenna 
alone Antenna 

20uv v- 20µv 

20 

0µv 

FIG. 3-Field-strength pattern of the 
60 -deg corner reflector array and, for 
comparison, the pattern of the coaxial 

antenna alone 
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syestem. Figure 2 shows how the 
two required antenna systems look 
on the roof of the receiving station 
in Sacramento. 

Test Results 

Table I and Fig. 3 illustrate the 
effect of rotating either antenna 
system with respect to the trans- 
mitter which it normally receives, 
together with the effect of remov- 
ing the auxiliary director element. 

The meter readings given were 
taken in the grid circuit of the 
first 455-kc i -f amplifier of a Mo- 
torola FSR-16B receiver. (See 
meter -switch position No. 1 in Fig. 
3, p. 105, ELECTRONICS, January 
1944. The 118 -Mc receivers re- 
ferred to herein are essentially the 
same. For 118 -Mc operation a high - 
frequency converter unit is added 
to the front end.) 

Initial antenna gain estimates, 
based on receiver sensitivity curves 
furnished by the manufacturer, 
indicated an antenna gain of 15 

times, or 23 db. The indicated f ront- 
to-back ratio was 52.5 to 1, or ap- 

FIG. 4-The two FM receivers are at 
the top and bottom of this utility rack, 
with the associated 118 -Mc converters 
mounted behind the center speaker 
panel. The unit is located in a room on 
the roof of the Sacramento building, 

near the antenna arrays 

FIG. 5-The receiving station operating 
position, with separate speakers for the 
two 118 -Mc channels and the 39 -Mc 
channel. The speakers are shown 
bunched together for photographic pur- 
poses and are normally mounted 12 to 

18 inches apart back on the wall 

proximately 34 db. More precise 
measurements of the gain of the 
antenna array and front -to -back 
ratio have since been made, utiliz- 
ing a Ferris Microvolter as a 
standard signal generator. These 
measurements show a 20 db gain 
over the dipole antenna. The meas- 
ured front -to -back ratio is 30 db. 

It will be noticed from Fig. 3 that 
the angle of maximum signal 
strength is broad, whereas the an- 
gle of minimum signal strength is 
relatively sharp. In adjusting the 
two receiving arrays at Sacramento 
best results were obtained by 
orienting them for minimum signal 
from the undesired station. 

Installation of the two direc- 
tional receiving arrays has proven 
well worth while. It not only has 
reduced the number of unintelligi- 
ble messages caused by interfering 
signals but has also improved the 
signal-to-noise ratio and the tone 
quality on signals received through 
the repeater stations. This latter 
fact is attributed to increased satu- 
ration of the limiters in the 118 -Mc 
FM receivers. 

System Operation 

The audio -frequency output from 
each of the two 118 -Mc receivers 
used at Sacramento, shown in Fig. 
4, is brought into the control room 
on separate lines and fed into two 
separate speakers through a control 
network. A 39,780-kc. FM receiver 

used to pick up transmissions di- 
rect from local cars is also fed into 
the monitoring position, shown in 
Fig. 5, and operates a third speaker. 

It has been found that by placing 
the three speakers along the top of 
the operating desk and separating 
them from 12 to 18 inches, the oper- 
ator is able to tell by audible means 
which speaker is producing the best 
signal. This being determined, the 
operator presses the lever switch at 
his left corresponding to the 
speaker producing the best signal. 
This silences the remaining speak- 
ers. 

A fourth lever -type switch labeled 
"Mute", when depressed, attenuates 
the output of all speakers approxi- 
mately 25 db. This permits the op- 
erator to answer the telephone or 
speak over the interoffice communi- 
cating system. 

The indicator lamps above the 
switches provide an additional 
check. When the switches are in 
normal monitoring position, all 
channels open, the green lamps are 
lit. Red lamps show which switches 
are off normal settings. 

In closing, the author wishes to 
express his appreciation of the valu- 
able assistance rendered by W. L. 
Anderson and F. W. Hughes. 
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INDUCTION HEATING 
of 

SHELLS 

Induction -heating tail ends of 500 -lb 

bombs to 2100 deg F before spinning. 
One man operates two machines, each 
with two inductors, and feeds a bomb 
to the spinner every 49 seconds. Fur- 
nace heating would require 5 or 6 

minutes 

Metal -heating by the induction method has become an important process in armament 
plants. Some of the many applications that have accelerated war production of bombs, 

shells. and cartridge cases are shown in the accompanying photographs 

An induction -heating unit brazes adaptors on 105 -mm chemical 
shells in one large Detroit plant without heating the sidewalls 
of the shell. The machine, made by Tocco Division of Ohio 

Crankshaft Co., has an output of 140 shells per hour 

Two jigs support 3 -in. steel cartridge cases while they are 
mouth -annealed at 1300 deg F for four seconds. This induction - 
heating machine has two stations and an output of 1,000 cases 
per hour. Hardness before treatment, 98 R.B.; after, 70 R.B. 
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AUTOMATIC 
For Frequency Meters 

A 126 -tube electronic calibrator combined with adding machines 
records on paper tape the calibration data at 327 points for an 

Army SCR -211 two -band frequency meter, interpolates between 
these points, and automatically prints in the individual calibra- 
tion book a five -digit dial number for 3252 frequency values 

By DAVID SUNSTEIN 
Factory Engineering Division 

Philco Corporation, Philadelphia, Pa. 

IN THE MANUFACTURE of highly 
precise measuring instruments, 

it is sometimes found necessary, in 
order to obtain the required ac- 
curacy, to hand calibrate each in- 
dividual instrument. In the par- 
ticular case at hand, a two -band 
frequency meter known as the 
Army SCR -211 is required to main- 
tain an accuracy of the order of 
0.01 percent in the field. This fre- 
quency meter as manufactured by 
Philco Corporation consists of an 
electron -coupled variable -frequency 
oscillator, which can be checked at 
certain points of the dial against an 
internal fixed -frequency crystal 
oscillator. 

Anyone who has had experience 
in the production of receivers hav- 
ing dials which read directly in fre- 
quency can appreciate the practical 

and 

impossibility of making an oscil- 
lator track to a predetermined dial 
scale within 0.01 percent. For com- 
parison, a good broadcast receiver 
has an accuracy of about t10 kc, 
or about 1 percent. Variations such 
as inductance, capacitor plate con- 
tour and straightness, gear ec- 
centricities, etc., require that the 
frequency meter be designed with 
a dial which reads in arbitrary 
units, and that a calibration book- 
let be prepared for each meter. 

The two bands of the frequency 
meter cover a fundamental range 
of 125 to 250 kc and 2 to 4 Mc. 
The Army specifications call for a 
listing of calibration points every 
0.1 kc on the low band and every 
1.0 kc on the high band, or 3,252 
calibration points in all. Each of 
these calibration points is recorded 

Standard 
Signal 

Generoltor 

Zero 
Beat 

Detector 

Frebt,uency 
Meter 

Recording 
System 

FIG. 1-Block diagram showing the three basic units of the automatic 
calibrator and their relation to the frequency meter being calibrated 

JOSEPH TELLIER 
Research Division, Engineering Dept. 

Phifco Corporation, Philadelphia, Pa. 

as a five -digit dial number. 
Fortunately, it is found that by 

proper design of the tuning capaci- 
tor, the plot of dial reading versus 
frequency can uniformly be made 
sufficiently close to a straight line 
that only every tenth point printed 
in the calibration book need be 
hand calibrated, the remainder be- 
ing interpolated linearly. Thus,' 
hand calibration points are re- 
quired every 1 kc on the low band, 
and every 10 kc on the high band, 
or a total of 327 points must be re- 
corded by hand. 

Calibration Time Is Shortened 

It has been found that on a pro- 
duction basis an average of 2.5 
hours was required to hand -cali- 
brate one frequency meter, with 
another hour to compute the incre- 
ments between adjacent calibration 
points so that interpolation could 
be made, another 1.75 hours to in- 
terpolate, and an additional 5 hours 
to type the calibration booklet. An 
average of several errors in each 
original hand calibration, plus ad- 
ditional errors in interpolating and 
typing, made necessary a very thor- 
ough checking of each frequency 
meter and calibration book, total- 
ing 3.5 hours more. 

Thus, to calibrate a frequency 
meter accurately by hand, includ- 
ing 2.25 hours additional for mis- 
cellaneous operations, required a 
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CALIBRATOR 

Overal view of calibrator, showing frequency meter on jig at right center, with dial 

coupled to zero beat detector. Printing rack is at left. Signal source is not shown 

total of 16 man hours. Further- 
more, the fact that the frequency 
meter was under operating condi- 
tions during the 2.5 hours manual 
calibration period necessitated a 
temperature -controlled room for 
the calibration process, since am- 
bient temperature changes, if per- 
mitted, could put kinks in the cali- 
bration curve, thereby rendering 
the meter inaccurate. 

An automatic calibrating ma- 
chine has been designed and con- 
structed at Philco which, together 
with semi -automatic interpolating 
machines capable of typing the book 
directly, reduces the total calibra- 
tion time from 16 hours to 6.5 

hours. The actual direct time neces- 
sary lo record the 327 calibration 
points of each frequency meter 
has been reduced from 2.5 hours to 
16 minutes, and during these 16 

minutes, the increments between 
adjacent calibration points are also 
automatically tabulated, thereby 
eliminating the previous hour re- 
quired for manual computation. 
The short calibration time also 
eliminates the need for a temper- 
ature -controlled calibrating room. 
The automatic method has elimin- 
ated the human error, thus reduc- 
ing the required checking time 
from 3.5 hours to 1.5 hours, which 
period is primarily devoted to in- 
suring the, stability of the fre- 
quency meter. Overall, since the 
equipment is being used on a 24 - 

hour -a -day basis, over 140,000 man 
hours were saved in 1943. 

Automatic Equipment Used 

The semi -automatic interpolat- 
ing machines are similar to the 
adding machines used by finance 

Rear view of printing system, showing 
number storage bank near bottom 

companies for scheduling pay- 
ments, the only difference between 
the two being the size of type em- 
ployed. These machines are cap- 
able of carrying two totals, one of 
which may be added to the other 
and the new total printed, thereby 
enabling interpolation. Since this 
device is well known it will not be 
discussed further here. 

The 126 -tube automatic calibrat- 
ing machine has several unusual 
features. Essentially, it consists of 
three parts, shown as a block dia- 
gram in Fig. 1. The first supplies a 
source of standard frequencies 
against which the meter is cali- 
brated. The second provides a 
means of mechanically continuously 
driving the dial of the frequency 
meter and electrically generating a 
sharp pulse every time the fre- 
quency meter is tuned through zero 
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FIG. 2-A few of the infinite number of zero beat wave forms which can occur, 
depending upon the random value of e 

dill FIG. 3-Zero beat wave form for which 0=0°, and for which a calibrating time of six 
minutes is assumed. Here t, represents the maximum permissible limits for triggering 

beat with the standard signal. The 
third unit records on a paper sheet 
the dial reading of the frequency 
meter at that instant of time at 
which the pulse is generated and 
also the difference between adja- 
cent dial readings. 

Standard Signal Source 

As stated previously, calibration 
points must be taken every 1 kc on 
the low band and every 10 kc on the 
high band of the frequency meter. 
This requires aécurate signals at 
16-kc intervals for the low band (as 
will be explained later) and signals 
10 kc apart for the high band. The 
method used for generating these 
signals employs two multivibrat- 
ors, each locked in with a crystal 
oscillator that is continuously moni- 
tored against Bureau of Standards 
radio station WWV. Since this sys- 
tem is conventional, it need not be 
treated here. 

Zero Beat Detecting Problem 

Before describing the actual 
mechanism which was finally de- 
signed to detect the instant of zero 
beat, a short description of the 
problem involved will be given. 
That there is a problem at all is a 
result of the continuous drive ap- 
plied to the frequency meter. If 
the drive were stopped at each cali- 

brating frequency, conventional 
circuits could be used to determine 
zero beat within a very few cycles. 
However, as will be seen, the con- 
stant rotation of the tuning capaci- 
tor of the frequency meter intro- 
duces factors which require special 
consideration. 

Let it be assumed that a con- 
stant -speed drive is being applied 
to the tuning capacitor shaft, so 
that the frequency meter is gener- 
ating a signal which is changing 
continuously in frequency. Assume 
also a single standard signal whose 
frequency is constant and lies in 
the range of the frequency meter. 
And finally, let the outputs of the 
two signal sources be coupled into a 
mixer stage whose output circuit is 
responsive only to signals in the 
audio range. Then, as is shown in 
Appendix I, the wave shape of the 
audio signal developed across the 
output of the mixer will be as in- 
dicated in Fig. 2, where the origin 
for time (t - 0) is taken to be the 
instant when the frequency meter 
is exactly at zero beat with the cali- 
brating signal. 

It will be noted immediately that 
more than one form of the zero beat 
wave shape has been given. There 
are actually an infinite variety. The 
exact one taken depends on a quan- 
tity indicated as 9, and a constant a. 

The equation of the zero beat volt- 
age is 

f) 
where the amplitude E.. is deter- 
mined by the amplitudes of the two 
signals, a is the rate of change of 
periodicity, ce,, of the frequency 
meter, and O is a random phase an- 
gle dependent on the phase angles 
of the original beating signals. 
E., and a can be held constant, but 
O may, and probably will, have a 
different value each time that the 
frequency meter passes through 
zero beat with a calibrating signal. 
Hence, any of the infinite variety 
of which six are shown in Fig. 2 
can be expected to appear at one. 
time or another. 

It remains to be shown that the 
difference in zero beat .wave form 
presents a problem. Figure 3 is a 
quantitative picture of one par- 
ticular wave which might occur. 
Here B is taken to be zero, and a 
calibrating time of six minutes on 
the 2 to 4 -Mc band of the fre- 
quency meter is assumed. With this 
calibrating time, a, the rate of 
change of periodicity, is an (4x10' - 
2x10°) divided by 360 seconds. Un- 
der these assumptions the time t, 
taken for the beat voltage to go 
through its first zero value is ap- 
proximately 0.020 second (Appendix 
II). 

Accuracy Required 

To achieve the overall accuracy 
of calibration mentioned in the in- 
troduction, it was desired that the 
error introduced by the zero beat 
detector itself should be unreadable 
on the dial of the frequency meter. 
Since the latter is graduated into 
fifty thousand vernier divisions, it 
was decided that an accuracy of 
better than plus or minus one part 
in one hundred thousand (half of 
one vernier division) would be ac- 
ceptable. Assuming a linear scale, 
on the 2 to 4 -Mc band of the fre- 
quency meter each vernier division 
represents 40 cycles change in fre- 
quency. Therefore it was required 
that the zero beat indicator trigger 
when the frequency of the signal 
under calibration was within 20 
cycles of true zero beat. With a 
calibrating time of 360 seconds the 
frequency meter changes in fre- 
quency 20 cycles in a period of plus 
or minus 0.0036 second, or a total 
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of 0.0072 second. This is indicated 
as t, on Fig. 3. 

The problem of calibrating with 
sufficient accuracy arises from the 
fact that the time interval t, is rela- 
tively short compared with t1. Over 
the latter interval the zero beat 
wave is marked by distinctive char- 
acteristics which could be used to 
trigger the calibrating equipment. 
But it might be difficult to make 
such triggering occur always in the 
shorter interval t,. 

integration, A Step Toward Solution 

Evidently the best means ' of 
utilizing the distinctive nature of 
the wave form near zero beat is 
an intergrating network. Such a 
circuit may be considered most 
simply as summing algebraically 
the area under the beat wave 
curve, adding areas above the zero 
axis, and subtracting areas below. 
At times remote from the instant 
of zero beat, alternate positive and 
negative areas are relatively small 
and nearly equal, so that their 
algebraic sum is small and builds 
up in amplitude very gradually. 
However, through the period ti 
Fig. 3) a large positive area is 
added. The integral or sum hence 
contains a large positive pulse, 
building up through the interval 
t1. Such a pulse could be used to 
trigger the indicating equipment. 

Referring to Fig. 2, if 0 had 
been 90 deg instead of 0 deg, a 
very different pulse would have 
been developed, and in addition it 
would have begun to build up 
much earlier in time. It is there- 
fore highly possible that trigger- 
ing would have occurred outside 
the period t, which has been speci- 
fied. Further, for other values of 
O the pulse might be negative, or 
there might even be no appreci- 
able pulse at all. 

The integrated output voltage 
obtained for various values of 0 

is shown in Fig. 4, with the accept- 
able triggering period t, again in- 
dicated. These curves are also 
based on a six -minute calibrating 
time, and are in the form of Fres- 
nel integrals. Tables of this in- 
tegral are available. 

It is apparent therefore that the 
major difficulty with the system out- 
lined is the erratic nature of the 
pulse which would be obtained, 

FIG. 4-Integrals of various zero beat wave forms. For O = -90°, -135°, or 180°, 
curves identical with those shown for O = 90°, 45° and 0° respectively will be 

obtained, except that the two sets of curves will be of opposite polarity 

with respect to amplitude, shape, 
and time of occurrence. Fortu- 
nately a means of overcoming this 
difficulty was found. The mathe- 
matical basis for the method de- 
vised will be stated here, and a 
proof of this particular case is 
given in Appendix III. 

Principle of Zero Beat Detector 

For certain types of functions, 
of which the integral of the zero 
beat wave given above is one, the 
sum of the squares of any two 
forms of the function which differ 
only in that they are 90 deg apart 
is always the same, regardless of 
the absolute phase of the two 
forms. Moreover, the resulting 
function is the square of the en- 
velope of the original function 
plotted for all possible values of 
its phase angle. 

A simple example of this can 
be given. If the original function 
is taken to be A sin (o)t + 0) where 
0 is any phase angle, then a second 
form, differing in phase by 90 deg, 
is A sin (cut + O + 90°). But this 
is the same as A cos(o)t + 8), and 
the sum of the squares of these 

two forms is A'. If a plot of the 
original function is made for all 
values of 0, it is seen that the en- 
velope is a straight line of ampli- 
tude A, and the square of this en- 
velope is a line of amplitude A'. 

In Fig. 5 is shown the envelope 
of all the integral curves in Fig. 4, 
with the dashed line representing 
the square of this envelope. This 
dashed line is the pulse which can 
be derived from the zero beat wave 
regardless of what value the ran- 
dom angle 0 may have. It is only 
required that a second zero beat 
wave be produced which differs in 
the angle 0 by 90 deg. This can 
be done readily, as will be des- 
cribed later. The squaring action 
produces a sharper pulse than any 
of the integrals themselves. The 
acceptable triggering time is 
again shown as t,. 

This is the basic principle of 
the zero beat detector. The man- 
ner in which it was incorporated 
will next be described. 

Superhet Circuit is Used 

For the same fundamental reas- 
ons involved in the design of an 

et= 3.5x104 
r«- t'Z I- ).+ 

Square'ofenve/ope 
t2 = 0.0072 sec. 
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FIG. 5-Pulse form obtained at each zero beat by addition of squared integrals of 
quadrature zero beat wave forms. This curve is independent of random phase varia- 
tions between the frequency meter and the standard signal. Note that practically 

the entire pulse occurs in the interval t'2. 
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FIG. 6-Block diagram of complete zero beat detector 

ordinary radio receiver, it was de- 
cided to use the superheterodyne 
type of circuit for the zero beat 
detector. There are two channels, 
one for the standard signal and 
one for the frequency meter, as 
shown in the block diagram in Fig. 
6. The variable tuned portions of 
these and the frequency meter are 
all ganged together, on one motor - 
driven shaft. This ganging is indi- 
cated on the block diagram by the 
dashed lines, and is pictured in 
Fig. 7. 

Each channel is fed from its 
own source, converted to an inter- 
mediate frequency by a common 
oscillator, and passed through its 
own i -f system. Both are then 
coupled to each of two mixers, the 
outputs of which are zero beat 
forms differing from each other in 
phase by 90 deg. These are each 
integrated and passed through 
square law stages, and the sum of 
the two taken. At this point the 
required constant -shape pulse has 
been obtained. The remainder of 
the detector is made up of circuits 
for obtaining a large -amplitude 
pulse suitable for operating the 
printing mechanism. 

These channels will now be ex- 
amined stage by stage, and those 
circuits of a unique nature de- 
scribed in some detail. 

R -F Section 

Channel 1 is fed from a stand- 
ard signal source, which in this 
case is a multivibrator held in 
synchronism with WWV as here- 
tofore mentioned. Since for high 
band calibrations (which will be 
discussed first) signals are gen- 
erated every 10 kc from 2 to 4 Mc, 
it was found desirable to intro- 
duce a tuned r -f stage to remove 
all but a few signals in the vicinity 
of the one desired. These selected 
signals are applied to one grid of 
the first mixer in channel 1. 

Channel 2 is fed from the fre- 
quency meter through a dual-pur- 
pose stage, which for high band 
operation is effectively a unity 
gain untuned stage. It will be 
described in more detail later. The 
signal is then applied to one grid 
of the first mixer in Channel 2. 

The second grid of each mixer is 
fed from a common oscillator 
stage, but from isolated points to 
prevent channel interaction. 

These stages comprise the r -f 
section of the unit, and as men- 
tioned above are ganged on a com- 
mon shaft. All except the oscilla- 
tor are adjusted to tune together 
and are so geared that their curves 
of frequency versus shaft rotation 
are the same as an average fre- 
quency meter. The oscillator is ad- 
justed to track 480 kc higher at all 
points, a frequency which is en- 
tirely optional and determined only 
by design considerations. Because 
of the type of circuit used to obtain 
the quadrature signal, however, it 
is necessary that this frequency, 
once determined, be maintained ex- 
actly. To this end a conventional 
automatic frequency control circuit 
is used, operating from channel 2. 

First Mixers 

The signals developed in the plate 
circuits of the two first mixers may 
now be considered. Since the fre- 
quencies of the oscillator and the 
frequency meter are varied together 
and held to a constant difference 
of 480 kc, the signal in the plate 
of the mixer in channel 2 is of 
course constant at 480 kc. In chan- 
nel 1 this is not the case because 
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FIG. 7-Overall view of zero beat detector with r -f section open. Note ganging of tuning capacitors to the 
motor at left, and to revolution counter and frequency meter at right. The i -f channels and pulse - 
forming stages are in the rack at the rear, together with regulated power supplies for each channel 

the signals against which the os- 
cillator is beating are fixed, while 
the oscillator itself is varying at a 
uniform rate with the motor drive. 

Assume that the oscillator is at 
3.48 Mc at some instant. The mixer 
and r -f stages of channel 1 are then 
tuned to the particular standard 
signal which is at 3.0 Mc and the 
i -f is 480 kc. As the oscillator 
changes to 3.485 Mc, the beat from 
the 3.0 -Mc signal becomes 485 kc. 
But at this time the beat from the 
next standard signal, which is 3.010 
Mc, becomes 475 kc, and as the os- 
cillator approaches 3.49 Mc, this 
beat approaches 480 kc. 

Thus, as the oscillator is tuned 
through each standard signal, the 
i -f signal in channel 2 sweeps 
through the frequency 480 kc. If 
the band width of this i -f channel 
is held to less than plus or minus 
5 kc, there will be only one signal 
present at any time. This is neces- 
sary to prevent spurious beats. 

Limiters and Tripiers 

Proceeding through the two i -f 
channels, it will be noted that the 
final i -f stage in each case is a com- 
bined tripler and limiter. In order 

that the calibrating pulse may be 
of the same amplitude as well as 
the same shape for each zero beat, 
it is necessary that the two signals 
which are actually being combined 
be of the same amplitude (though 
not necessarily the same as each 
other) for each beat. 

Limiting is therefore incorpo- 
rated in the plate circuits of the 
two final i -f stages, and sufficient 
gain is provided in the i -f systems 
so that on the weakest standard sig- 
nal and the lowest output frequency 
meter these stages are driven 
well past their limiting levels. Thus 
considerable latitude may be per- 
mitted in the amplitudes of the har- 
monics generated by the multivi- 
brator and the output of the fre- 
quency meter without impairing in 
the least the accuracy of the equip- 
ment. 

An avc system is also employed in 
the standard signal channel for the 
same purpose, inasmuch as this 
channel is particularly subject to 
wide variations in signal level. 
With these circuits included in the 
i -f systems, the amplitude of the 
signal at each mixer grid is main- 
tained extremely constant. 

The use of tripling in the final 
i -f stages is interesting in that it 
provides a simple means of tripling 
the accuracy. Recalling the equation 
for the zero beat wave, it is seen 
that the time taken for the beat to 
go through the distinctive period 
t, is proportional to a. If a be 
tripled, this time interval is re- 
duced to one third. But a is propor- 
tional to the number of cycles of 
change in frequency per second, and 
hence if we triple the changing 
frequency and therefore triple the 
number of cycles of change per sec- 
ond, the time interval within which 
a triggering pulse is generated is 
reduced to one third. 

The effect of this is shown in 
Fig. 5 by expanding the time scale 
3 times so that the acceptable trig- 
gering interval is represented by 
t2'. Channel 2 is tripled of course 
merely to keep its frequency the 
same as the center frequency of 
channel 1. It is obvious that quad- 
rupling or even higher multiplica- 
tion could be used. 

Second Mixers 

The output of the final i -f stage 
of channel 1 is now fed to one grid 
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of each of the two second mixers. 
The latter are the stages in which 
the zero beats are actually devel- 
oped. The actual frequency meter 
signals and standard signals are 
not being used directly to produce 
the zero beat, but since a common 
oscillator is used, when the i -f sig- 
nals are identical in frequency it 
follows that the two r -f signals are 
also identical. 

Note that a slight deviation of 
oscillator frequency from its proper 
value, such as might be caused by 
drag in the afc system, does not 
impair the accuracy. Such a devia- 
tion will of course change both in- 
termediate frequencies by the same 
amount. Note further that this 
stepping down from r -f to i -f does 
not reduce the accuracy in the same 
way that tripling was seen to in- 
crease it; because in this case the 
reduction in frequency is obtained 
by subtracting from another fre- 
quency, and not by division. The 
rate of change of frequency, as rep- 
resented by a, is unchanged. 

The output of the tripler stage 
in channel 2 requires one more 
operation. It is necessary to 
obtain not only the third har- 
monic of the constant frequency, 
but also a second signal identical 
except shifted in phase by 90 deg. 
This is readily obtained by intro- 
ducing a loosely coupled double - 
tuned transformer, and taking one 
signal from the primary and one 
from the secondary of the latter. 
With the input at the proper fre- 
quency, these signals are in quadra- 
ture with each other. It is to main- 
tain input at proper frequency that 
afc is utilized. The quadrature sig- 
nals are applied to the second mix- 
ers in channels 1 and 2. 

The signals found in the plates 
of the two second mixers are now 
two identical zero beats between 
the fixed and varying i -f signals, 
except that the angle O is different 
by 90 deg. (Appendix IV). Each is 
now ready for integration. 

Checking Quadrature at Mixers 

Before discussing integrators, a 
simple means of checking quadra- 
ture at this point might well be 
mentioned. If the.outputs of the 
two second mixers be connected 
each to one pair of plates of a cath- 
ode-ray tube, and two r -f signals of 
approximately the same frequency 
applied to the inputs of the sys- 
tem, then an ellipse with axes at 
right angles should appear on the 
screen of the tube. The secondary 
tuning of the quadrature trans- 
former may in fact be adjusted 
by this method. This should prefer- 
ably be done with the two r -f sig- 
nals as nearly of the same fre- 
quency as possible since this is the 
condition which is of interest. 

Integrating Circuits 

A standard integrating circuit 
consisting of a large series resis- 
tance and low -reactance capacitor 
is given in Fig. 8, while the actual 
circuit used is shown in Fig. 9. The 
difference is occasioned by the fact 
that it is necessary to incorporate 
a blocking capacitor between the 
mixer plate and amplifier grid, and 
it is also necessary to supply a 
d -c return for the latter. The ac- 
tual constants used are determined 
by two factors. In Fig. 8, the 
higher the value of R and the lower 
the reactance of C, the more nearly 
will the output approach a true in- 
tegral. However, it is necessary in 

R 
^v'V\/VW 

Input voltage 

I 

Integrated 
output 

C 

Fig. 9 that the time constant in 
the amplifier grid be short enough 
to permit the grid to return to its 
normal no -signal bias between 
pulses. The values given proved to 
be a satisfactory compromise. 

Square -Law Stages and Adder 

The two integrals thus obtained 
are passed through amplifiers to 
the square -law stages and the 
adder, shown in Fig. 10. Each 
square -law stage consists of two 
type 7B7 pentodes biased to a point 
where the second harmonic distor- 
tion is greatest. They share a com- 
mon plate resistor, and their grids 
are driven with opposite polarity 
from the plate and cathode of a type 
7A4 tube serving as phase inverter. 
The fundamental and third har- 
monic are balanced out and the 
voltage across the common plate 
resistor is predominantly second 
harmonic, or the square of the in- 
put voltage. 

Addition of the two squared sig- 
nals is accomplished by connecting 
a potentiometer from one pair of 
plates to the other and taking out- 
put from the arm at the center. At 
this point the signal voltage is the 
average of the two plate voltages, 
or one-half their sum. A potentiom- 
eter is used so that any unbalance 
in the square -law characteristics 
of the pentodes resulting in less 
output from one pair may be ad- 
justed by moving the arm slightly 
nearer to that pair. Unbalance be- 
tween each tube of either pair is 
first adjusted by means of the vari- 
able cathode resistor of the phase 
inverter. 

Here again, cathode-ray tube 
checks simplify the adjustment of 
the equipment. R -F signals are 

o To amp. grid 
From O. 33 meg. 
mixer 0.33 

plc/de Af 
Blocking 
capcl+cifor 

Grid 
C return 

0.5,uí 0.22 
meg. 

FIG. 8-Conventional integrating network 
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FIG. 9-Schematic of actual integrating circuit used 
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applied to the inputs of the equip- 
ment, and one phase inverter triode 
removed. The cathode-ray tube 
plates are connected to the input 
of the other phase inverter and to 
the plates of the corresponding pair 
of square -law pentodes. Since the 
audio signal and the square of the 
latter are thus compared on the 
cathode-ray tube, there should ap- 
pear a "hair pin" or U. The resis- 
tor in the cathode of the phase in- 
verter is then varied until the tips 
of the hair pin are of equal ampli- 
tude. This indicates equal square - 
law output from the two pentodes. 
The operation is then repeated on 
the other square -law stage. 

Since the r -f signals are fixed, 
the signals at the inputs to the 
square -law stages are sinusoidal 
and are the same except for differ- 
ing in phase by 90 deg. They may 
be represented by A sin (wt + 0) 
and A cos (ut + 0), and the sum 
of their squares is A', or in other 
words, a d -c component only. The 
signal at the arm of the adding 
potentiometer should thus be a 
straight line, and of zero amplitude 
if the oscilloscope does not pass 
direct current. The vertical plates 
of the cathode-ray tube are there- 
fore connected to the arm of the po- 
tentiometer, and the latter ad- 
justed for a minimum of audio 
ripple. Some of the latter will be 
observed, since a certain amount 
of fourth and higher even harmon- 
ics will be present in the output of 
the square -law tubes. 

Blocking Oscillator 

At each zero beat there appears 
at the arm of the adding poten- 
tiometer a pulse which is constant 
in shape and amplitude. It is, how- 
ever, negative in polarity because 
of the nature of the square -law 
stages, and is not of sufficient am- 
plitude to actuate the printing 
mechanism. To obtain a sufficiently 
large pulse, the blocking oscillator 
shown in Fig. 11 is used. The nega- 
tive pulse is applied to the latter 
through a polarity inverter, which 
is merely a resistance -coupled am- 
plifier stage. 

It will be noted that positive 
bias obtained from a voltage di- 
vider across the main plate volt- 
age supply is applied to the cath- 
ode of the blocking oscillator 
double triode. The amount of this 

7B7 

025uf 

0.25,uF 

0.25,aí 

0.25,uf 

t250v. 

0 25, 

0.25,uf 

/.94fl -` =/O,uf 
#250% - 

Adder 

Square 
law output - 

FIG. 10 (above)-Sche- 
matic of square -law 

stages and adder 

FIG. 11 (right)-Sche- 
matic of blocking oscil- 
lator which is triggered 
by pulse from adder 
and provides final 
pulse used to actuate 

printer 

Driving 

pulsa 

1- 
2j0,uuf 

0 

Frequency 
meter 
input 

(either band) 93 

í250v. 

FIG. 12-Schematic of dual-purpose input stage for channel 2. This stage accepts a 
signal from either band of the frequency meter without switching, and supplies a 
2 to 4 -Mc signal to channel 2. The latter signal is the fundamental of the high band 

or the sixteenth harmonic of the low band 

bias is sufficient to cut off both 
sections of the 6N7G so that it is 
normally quiescent. Its free run- 
ning period (without bias) is long 
compared to that of the driving 
pulse, but somewhat less than the 
time interval between pulses. 

When the positive driving pulse 
appears at its first grid for a short 
instant, it begins to pass through 
one cycle of a normal blocking 
oscillation, and the usual sharp 
pulse of great amplitude (over one 
hundred volts) is developed across 
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Meter 
Dial 

r Zero 
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Sequence 
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Tank 

Adding 
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FIG. 14-Open 

FIG. 13-Block diagram of printing system 

view of revolution counter switch. Note the 5 decks of 10 -point 
switches, and the "disconnect" section at front 

the grid winding of the trans- 
former. The second grid imme- 
diately blocks and remains cut off 
for the remainder of the natural 
period of the oscillator. 

The system is thus unrespons- 
ive to spurious pulses of any sort 
during the greater part of the in- 
terval between true pulses. By 
the time the oscillator would nor- 
mally begin its second cycle the 

driving pulse has long since dis- 
appeared, so that only one output 
pulse is obtained for each zero 
beat. This is the final output of 
the zero beat detector. 

Low Band Calibration 

Calibration of the low frequency 
band proved to be more of a prob- 
lem than had been anticipated. It 
was originally intended to divide 

s 

I I 

R4 r 
R2 10,000 

Disconnect 
Section 

Nth Section 

Aej 

. 
6 

5 4 3 

9. 0 

h 2 

To other rotor 
arms on counter 

FIG. 15-Schematic of one column of number storage bank. The dashed rectangle 
at the right encloses a representative section of the revolutioncounting switch 

all frequencies by 16 in conform- 
ance with the frequency meter it- 
self. Standard signals every 1 kc 
from 125 to 250 kc, with an i -f 
value of 30 kc, were to be used. 
Gradual multiplication through 
the i -f system was to bring the 
final frequency again to 1440 kc, 
so that the balance of the equip- 
ment would be the same for both 
bands. 

Such a system was actually con- 
structed, and was found to be un- 
satisfactory simply because of the 
difficulty in eliminating phase 
modulation from the source of 1- 
kc signals. In order to synchron- 
ize such a source on the 100-kc 
crystal oscillator, it was necessary 
to use at least one intermediate 
multi -vibrator at 10 kc. As a re- 
sult it was found that while the 
total number of cycles per second 
remained correct, the starting time 
of each cycle was subject to slight 
variations. This is the equivalent 
of erratic phase modulation of the 
1-kc signals. Because of the enor- 
mous multiplication involved (in 
the worst case, from 1 kc to 250 kc 
and from 30 kc to 1440 kc) the 
phase modulation became several 
cycles of frequency modulation. 
The zero beat detector is of course 
very sensitive to frequency modu- 
lation, so that spurious beats were 
obtained in nearly every case. 

After considerable investigation 
a satisfactory means of making 
the calibration was devised. It 
will be noted that the sixteenth 
harmonic of the low band varies 
from 2 to 4 Mc. By multiplying 
the signal from the frequency 
meter by sixteen, therefore, it may 
be run through the high band cali- 
brator directly. Since calibration 
points are required every 1 kc of 
the fundamental, the sixteenth 
harmonic must pass through zero 
beat every 16 kc on the calibrator, 
and a multivibrator producing 
standard signals every 16 kc from 
2 to 4 Mc is required. It will be seen 
that 126 calibration points will thus 
be obtained, which is the number 
required. 

To obtain synchronization for the 
16-kc multivibrator, an 80-kc multi - 
vibrator was locked on the fourth 
harmonic of the 100-kc standard. 
The fifth harmonic of the 16-kc mul- 
tivibrator was then synchronized 
on the 80-kc signal. 
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Dual -Purpose R -F Stage 

The dual-purpose two -band 
stage located between the fre- 
quency meter and the first mixe/ 
of channel 2 is shown in Fig. 12. 

It was designed to accept signals 
from either band of the frequency 
meter without switching, passing 
the high band directly, and multi- 
plying the low band by 16. The 
first 7G7 provides considerable 
gain on the low band, but relative 
attenuation on the high band be- 
cause of the capacitor shunting 
the plate load. The second 7G7 
is a straight band-pass amplifier 
on the high band, and a multiplier 
to select the sixteenth harmonic 
of the low band. As a multiplier, 
the gain of this stage is of course 
much less than as an amplifier. 
At the output the signal from 
either band is of the same order of 
magnitude, and the overall gain is 
therefore approximately one. 

Recording Problems 

The zero beat detector serves 
to generate a pulse at the instant 
that the frequency meter is tuned 
to a calibration frequency. The 
remaining problem is that of ac- 
curately recording the dial read- 
ing at this instant. Since the dial 
is driven through 50,000 vernier 
divisions in approximately 6 min- 
utes, 139 vernier divisions are 
passed in a single second. To re- 
cord accurately the dial reading 
to the nearest vernier division 
while the dial is rotating at this 
speed requires special care. An 
ordinary revolution printer which 
momentarily presses a piece of 
paper against a set of revolving 
drums carrying the dial reading 
would cause appreciable blur. 

Such a printer could be modi- 
fied by having the drums stand 
still while the imprint is being 
made, after which the revolutions 
lost by such standstill would have 
to be made up through a differen- 
tial or spring storage system. The 
mechanical complexity of such a 
recorder, however, is such that 
frequent maintenance would be 
required. A Strobotac photograph 
might be employed as an alterna- 
tive but fast emulsions would have 
to be used, either necessitating 
production delay in development 

(Continued on page 342) 

ABOVE 
FIG. 16-Open view of 

adding machine, show- 
ing solenoids for ac- 

tuating keys 

RIGHT 
FIG. 17-Number stor 
age bank, showing 45 

of the OA4G tubes, the 
associated relays, and 
monitoring lights and 

meter at upper left 

BELOW 
FIG. 18-Sequence sys- 
tem, showing thyratron 
S at left, relays, and 
monitoring lights for 
rapid indication of cor- 
rect sequence of op- 

erations 
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FIG. 1-Schematic diagram of electronic control system engine. The pilot controls the entire system with the single 
and associated mechanical parts of a turbosupercharged knob on the turbo boost selector box at the lower right 

THE PRESSURE at the intake 
manifold of an aircraft engine 

is normally kept above atmos- 
pheric pressure by a gear -driven 
internal blower, to obtain greater 
power from a given engine. At 
higher altitudes, however, atmos- 
pheric pressure decreases and 
manifold pressure and horsepower 
decreases correspondingly. This 
reduction in manifold pressure is 
offset by the turbosupercharger, a 
centrifugal air compressor that is 
driven by a turbine in the exhaust 
stack of the engine and serves to 
boost air pressure before it enters 
the carburetor. 

The speed of the turbosuper - 
charger is regulated by opening 
and closing a waste gate in the 
exhaust pipe of the engine. When 
the waste gate is open, exhaust 
gases escape without passing 
through the turbine; when closed, 
the gate forces the gases to im- 
pinge against the blades of the 
turbine wheel and spin the di- 
rectly -connected compressor. Thus, 

By WILLIS H. GILLE 
Chief Engineer 

and H. T. SPARROW 
Chief Electrical Engineer 

Aeronautical Division 
Minneapolis -Honeywell Regulator Co. 

Minneapolis, Minn. 

the horsepower output can be kept 
constant or changed as desired, 
independently of altitude, simply 
by adjusting the waste gate. 

Electronic Control Units 

The complete electronic turbo 
regulator developed by Minne- 
apolis -Honeywell Regulator Co. is 
shown in schematic form in Fig. 1 

for one of the turbosupercharged 
engines of a four -engine bomber. 
The system contains five major 
units-a turbo boost selector, a 
Pressuretrol, a turbo governor, an 
amplifier and the waste -gate 
motor. Together these provide 
automatic regulation of turbosu- 
percharger speed, allowing the 
pilot to concentrate on flying con- 
trols. 

The turbo boost selector (at 

lower right in Fig. 1) is the pilot's 
only control over the turbo system. 
Once its four small calibrator po- 
tentiometers are adjusted to com- 
pensate for small differences in 
performance of the four engines 
or their turbos, the pilot can con- 
trol turbo boost on all four en- 
gines simultaneously by adjusting 
the large central knob which 
serves the master control potenti- 
ometer. 

The Pressuretrol unit on the in- 
take manifold is a pressure -sensi- 
tive double -bellows device that 
drives a potentiometer wiper 
through a sector arm and pinion 
gear, so that the potentiometer set- 
ting is proportional to the pressure 
of the air being supplied to the 
carburetor by the turbosuper - 
charger. The Pressuretrol insures 
that the system will maintain 
whatever boost pressure the pilot 
has selected, independently of 
changes in atmospheric pressure 
caused by variations in the alti- 
tude of the plane. 
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TURBO REGULATOR 
for Multi -Engine Airplanes 
Speed of turbosupercharger for each engine is automatically regulated through a four - 
tube electronic circuit to provide a constant engine power condition at any altitude 
within operating limits, thus allowing the pilot to concentrate on flying the airplane 

The turbo governor is a dual 
safety device driven by the turbo - 
supercharger through a flexible 
shaft. The governor contains two 
potentiometers, one acting as an 
overspeed control to prevent the 
turbo from exceeding its safe 
operating speed, and the other 
acting as an accelerometer that 
anticipates pressure increases and 
provides a control voltage in time 
to prevent overshooting of mani- 
fold pressure. 

The amplifier responds to the 
resultant alternating control volt- 
age from the above three units, de- 
termines which direction of rota- 
tion is needed for the waste -gate 
motor, and provides the required 
power for the waste -gate motor. 

The waste -gate motor is a two- 

Was/e-gate motor 
balancing po/entiameter 

Open Close 

phase reversible electric motor 
which positions the waste -gate 
through a mechanical linkage. As 
this motor rotates, it operates a bal- 
ancing potentiometer that delivers 
an alternating voltage opposed to 
the resultant of the other poten- 
tiometer voltages. When the 
motor has rotated just far enough 
to make the two voltages exactly 
neutralize each other, amplifier 
power is cut off and the motor 
stops. The amount of waste -gate 
movement is thus determined by 
the magnitude of the original con- 
trol, and there is no overshooting 
beyond the desired new position. 

A -C Bridge Circuit 

The six potentiometers of the 
electronic control units are con - 

FIG. 2-Complete bridge circuit of the Min- 
Leapolis-Honeywell type B control system for 
turbosuperchargers. All three windings are 
on a core having a 115-v. 400 -cps primary 

netted to three power transformer 
windings (all on the same core and 
energized with 400 -cps aircraft 
power) in the manner shown in 
Fig. 2, to form an a -c bridge cir- 
cuit. In effect, the alternating 
voltages across these potentiom- 
eters either add to or subtract 
from one another. For the com- 
plete bridge to be balanced, these 
voltages must cancel, so that no 
voltage exists between the upper- 
most wiper and the bottom 
grounded wiper. 

Voltages giving one of the many 
possible balances are indicated in 
Fig. 2. Here there are alternating 
voltages of 3 and 12 volts acting in 
one direction from ground, offset- 
ting the 15 -volt center section act- 
ing in the other direction from 
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FIG. 3-Circuit diagram of one turbo control amplifier with its bridge circuit (shown 
in equivalent simplified form here) and its waste -gate motor circuit. Each engine 
has its own control system like this, with the potentiometer of the turbo boost 

selector (alongside the pilot) being common to all of the bridge circuits 
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ground. If the pilot should un- 
balance this bridge by moving the 
turbo -boost selector '3 v to the 
left (for less power), the result- 
ant alternating voltage of 3 v 

would make the amplifier and 
waste -gate motor close the waste 
gate and drive its balancing po- 
tentiometer 3 v to the left so as 
to rebalance the bridge at the 
new power condition selected by 
the pilot. Movement of any other 
potentiometer wiper will likewise 
initiate waste -gate action and re- 
balancing. 

In actual operation, two or more 

wipers are caused to move simul- 
taneously. Therefore, it will he 
well to follow through one simple 
operation to see how modulating 
control is obtained. 

If, with the bridge balanced, the 
selector dial =s turned to a higher 
setting, the waste gate moves 
toward a closed position. As this 
happens, the turbine starts to 
speed up and increase the carbu- 
retor inlet pressure. Increasing 
this -pressure moves the Pressure- 
trol wiper to the left, which in 
turn calls for the waste gate to 
move toward the open position. A 

Turbo amplifier removed from its cabinet. The two 7C5 tubes are directly 

behind the front panel in a chimney -type enclosure, since they handle all 
current for one phase of the waste -gate motor 

In:erior view of Pressuretrol unit that re- 
sponds to changes in carburetor pressure 

Turbosupercharger control system installed 
in a B-17 four -engine airplane 
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new condition of balance results, 
with the waste gate slightly closed 
from its original position and the 
carburetor inlet pressure (and 
consequently the manifold pres- 
sure) increased from its original 
value. 

Amplifier Circuit 

In Fig. 3 is a schematic wiring 
diagram of the complete turbo 
control amplifier, along with an 
equivalent simplified representa- 
tion of the bridge circuit and the 
electrical circuit of the waste -gate 
motor. 

The 7Y4 rectifier tube merely 
serves to convert the 115-v, 400 - 
cps aircraft power to a high direct 
voltage for the two plates of the 
7F7 tube, and hence does not enter 
into a discussion of the signal and 
motor circuits. All other tubes 
and parts operate from alternat- 
ing voltages. 

When the bridge is balanced, no. 
a -c potentials exist in the 7F7 cir- 
cuits and hence no alternating 
voltage is fed to the 7C5 tubes. 
Under this condition, each of these 
tubes passes only a small current 
(determined by the self -acquired 
bias on the control grids) on 
alternate half -cycles, with this 
current flowing through the am- 
plifier -excited field winding of the 
waste -gate motor and acting as a 

brake on the motor armature. 
(This balanced -bridge current, the 
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FIG. 4-Simplified version of amplifier circuit in Fig. 
3, showing instantaneous polarities for the instant 

waveform of which is shown in 
Fig. 3, causes the resultant motor 
field to reverse every half -cycle 
instead of rotating in one direc- 
tion.) 

When the bridge is unbalanced 
by movement of one of the poten- 
tiometer wipers to the right, con- 
ditions may be as shown in the 
simplified signal circuit of Fig. 4. 
The bridge transformer and power 
transformer being in phase, corre- 
sponding ends of each transformer 
have the same polarity at each 
instant. For the instant when the 
upper ends of the two transform- 
ers are positive, polarities are as 
marked. 

The positive voltage pulse (with 
respect to ground) from the unbal- 
anced bridge acts on the control 
grids of tubes 1 and 2 after under- 
going amplification in the two sec- 
tions of the 7F7 tube, but only 
tube 1 conducts since the plate of 
tube 2 is negative at this instant. 
Thus, tube 1 supplies current to 
the amplifier -excited field winding 
of the waste -gate motor on alter- 
nate half -cycles, causing say clock- 
wise rotation. 

When polarities in both trans- 
formers have reversed 1/800 sec 
later, the grids of tubes 1 and 2 
are both negative, and hence no 
power flows from the amplifier to 
the motor. 

Movement of the upper poten- 

when the upper end of each transformer winding 
is positive and the bridge is unbalanced as indicated 

tiometer of Fig. 4 to the right thus 
causes clockwise rotation of the 
waste -gate motor. A similar 
analysis will show that movement 
of the potentiometer to the left 
will cause counterclockwise rota- 
tion of the motor. 

Under both conditions of unbal- 
ance the 7C5 tubes deliver positive 
pulses with time intervals between, 
as indicated by the current curves 
in Fig. 4. For proper operation 
of the waste -gate motor, however, 
it is necessary to have alternating 
current instead of d -c impulses 
flowing through the amplifier -ex- 
cited winding. Therefore, a ca- 
pacitor of the correct size is con- 
nected in parallel with the field 
winding to form an oscillating cir- 
cuit. The resulting relationship 
between current flow through the 
7C5 tubes and the amplifier -excited 
winding is shown in Fig. 5 for 
each direction of unbalance. Note 
that the current resulting from 
operation of one tube is half a 
cycle out of phase with the current 
resulting from operation of the 
other tube-exactly what is re- 
quired to reverse the direction of 
the rotating magnetic field of the 
squirrel -cage induction motor 
driving the waste gate. 

Performance Curves 

The curves in Fig. 6 portray 
typical operating conditions for 

Location of amplifier unit for No. 3 engine 
in a B-24 airplane 

the electronic turbo regulator dur- 
ing a climb from an altitude of 
5000 ft to 32,000 ft. 

First, the engine rpm is selected 
(2300 for this illustration) by set- 
ting the prop governor control. 
The engine speed remains constant 
throughout the climb because of 
the action of the automatic pro- 
peller governors. 

The throttle is then moved for- 
ward to full -open position, and an 
intake manifold pressure of 37 in. 
is selected by means of the turbo - 
boost selector. The manifold 
pressure selected for any given 
flight depends upon speed of flight 
desired, rate of climb desired, and 
airplane load. 

The pressure boost supplied by 
the internal engine blower, as rep- 
resented by the difference between 
the carburetor inlet pressure and 
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Location of turbo boost selector at right of pilot on a B-24 airplane 

the intake manifold pressure, is a 
fixed value as long as engine rpm 
remains constant. Therefore, to 
maintain a constant manifold pres- 
sure, it is necessary for the turbo - 
supercharger to maintain a con- 
stant carburetor inlet pressure. 

Atmospheric pressure decreases 
with an increase in altitude, as 
represented by the atmospheric 
pressure curve on the chart. It 
is therefore necessary that the 
turbine unit increase in speed dur- 
ing a climb. This increase in 
speed is represented by the turbo 
rpm line on the chart; it will be 

FIG. 5-Curves showing output currents of 
7C5 tubes and corresponding currents in 
amplifier phase of waste -gate motor for 

both types of bridge unbalance 

noted that the maximum turbine 
rpm was reached at approximately 
30,000 ft. and then the overspeed 
portion of the turbo governor be- 
came effective to prevent further 
increase in speed. 

As altitude increased, the waste 
gate moved toward a closed posi- 
tion to increase turbo rpm by in- 
creasing the pressure differential 
across the turbine wheel. It is 
evident that at first a fairly large 
amount of waste -gate movement 
was necessary, but as the waste 
gate approached and passed the 
half-closed position, very little 

í5,000 20.000 

Alt rude .n Feet 

FIG. 6-Curves showing operation of turbo 
control equipment during a climb from 5000 

ft to 30.000 ft 

movement was required because 
the ratio of pressure differential 
change to waste -gate change then 
becomes high. 

The resultant effect of this con- 
dition on intake manifold pressure 
is that a slight droop is evidenced 
at the beginning of the climb, but 
that less droop occurs during the 
remainder of the climb until an 
altitude is reached at which the 
overspeed control takes effect. The 
amount of manifold pressure droop 
has been chosen to give nearly 
constant horsepower throughout 
the climb. 

Conclusion 

To test the operation of the 
regulator under extreme condi- 
tions, one throttle was fully re- 
tarded while cruising at an alti- 
tude of 25,000 ft. After the sys- 
tem had restabilized on three 
motors, this throttle was rammed 
to full -open position in less than 
a second-a severe test for any 
regulator. Photographic records 
made during the test showed that 
as the throttle was retarded, the 
manifold pressure dropped quickly. 
The propeller governor re-estab- 
lished prop speed after a period of 
several seconds. The waste gate 
closed completely and turbo speed 
dropped. 

Things began to happen when 
the throttle was rammed full open. 
Manifold pressure increased 
smoothly. Turbo speed shot up. 
Original conditions were re-estab- 
lished in approximately ten sec- 
onds without exceeding safe turbo 
speed or manifold pressure and 
without setting up a hunting or 
other unstable condition. In fact, 
the curves for the test even showed 
fluctuations as the turbo regulator 
attempted to compensate for an 
uncertain prop governor. The 
accelerometer portion of the gov- 
ernor caused the waste gate to 
open sooner than it would have 
otherwise, thus limiting to a 
modest amount the surge above 
the pressures desired. 

The Minneapolis - Honeywell 
type B control system for turbo - 
superchargers, just described, is 
today flying in many of our largest 
bombers, serving to make the 
pilot's task simpler and high -alti- 
tude flying more dependable. 
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By working on "live" 
high -power equip- 
ment at the Hicks- 
ville, Long Island sta- 

tion of Press Wireless, 
Signal Corps students 
are learning installa- 
tion, operation and 
trouble -shooting in a 

fraction of the usual 
time for training 

Measuring the standing -wave ratio on a transmission line feeding an antenna 

Studying TRANSMITTERS 

Working on high -power short-wave transmitters in actual operation Receiving instruction in cdiustment of a 2.5 -kw radio transmitter 
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Quartz crystal mounted on intermediate swivel fixture in 
preparation for rodometric examination 

ONE OF THE important steps in 
the production of quartz 

"crystals" is the determination of 
the position and polarity of the 
axes, the "handedness" of the 
mother crystal, and the presence of 
twinning. Particularly in the case 
of crystals that have no well -devel- 
oped natural faces this usually 
necessitates a somewhat lengthly 
procedure, with several steps in- 
volving the use of a number of dif- 
ferent instruments by several 
workers, each checking one of the 
characteristics in turn. 

Attempting to improve a shorter 
method of orientation originally 
proposed by de Gramont, Professor 
W. G. Cady of Wesleyan University 
began in 1939 an investigation 
which was followed by further de- 
velopment by Mr. H. H. Hubbell. At 
the suggestion of Professor Cady 
and with his constant advice the 
author took up further investiga- 
tion late in 1940, developing the 
proposed method of orientation 
with reference to the spots -and -star 
pattern described below. 

It is now possible for a single 
worker to determine simultaneously 
in one observation the following 

Rodometric 
of QUARTZ 

A new optical method of determining 
the positions of the three axes within 
a fraction of a degree . It involves 
grinding and etchips a small window 
on the crystal, and observing the 
characteristic star -and -spots .pattern 
produced at this window by a light 

beam 

facts concerning a given mother 
crystal of any size or shape, regard- 
less of the absence of natural faces: 

(a) Right or left-handedness. 
(b) Position of Z (optical)axis. 
(c) Position of X and Y axes. 
(b) Polarity of axes. 
(e) Presence and kind of twin- 

ning at the etched surface. 
The accuracy of orientation of 

the axes depends somewhat on the 
skill of the worker and the time 
taken for the observation. Two 
minutes manipulation by a trained 
man may fix all axes within a frac- 
tion of a degree, and 15 seconds 
manipulation by an unskilled worker 
may result in an error up to 2 de- 
grees. Though this so-called ro- 
dometric method has been used suc- 
cessfully in cçmmercial practice as 
a substitute for x-ray orientation 
methods, more usually it serves to 
orient the mother crystal for the 
first cut within about a degree. Any 
necessary vernier adjustments in 
the orientation of the mounted 
crystal on the saw table are made 
by means of the usual x-ray data 
obtained from the first cut. 

Another aim that has been real- 
ized is the simplicity and uniform- 

ity of the procedure. It is not neces- 
sary for the operator to make any 
dial settings, take readings or re- 
member numerous conventions re- 
garding the enantiomorphy of 
quartz or the polarity of axes. 

Gives All Data in One Step 

The process begins with a pre- 
liminary inspection of the crystal 
between polaroids, and the prepa- 
ration of a small etched surface 
("window") on the mother quartz. 
The crystal is then mounted on a 
swivel fixture after a brief optical 
check. Crystal and fixture are trans- 
ferred to an instrument called a 
rodometer, where the complete de- 
termination of characteristics is 
made optically in one step. Then 
the crystal is re -mounted for the 
saw -table and is ready for cutting. 
There is no intermediate cutting, 
and only one remount is needed. 

Disadvantages of the method 
are: In routine use the final orien- 
tation of the crystal is usually not 
better than to one degree; op- 
tically opaque crystals cannot be 
oriented; the use of hydrofluoric 
acid for etching may be objection- 
able; use of the method requires 
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Examination 
CRYSTALS By GERALD J. HOLTON 

Department of Physics 
Harvard University 
Cambridge, Mass. 

F1G. 1-Appearance of etched ground surface of quartz after three FIG. 2-Refraction pattern for left quartz as seen in a rodometer, 
hzurs of etching, as seen through a microscope. The cracks be- on a translucent screen having a superimposed circular net draw. 
teen the triangular etch pits and pyramids are due to grinding ing. The three spots are due to refraction from stable etch facets 

observance of patent rights; and 
two mechanical instruments have 
to be built. 

The Refraction Pattern 

Rodometry (from rodere, to etch) 
uses microscopically small facets 
that appear on the surface of crys- 
tals upon etching, whose shape and 
orientation are characteristic of 
both the crystal on which they ap- 
pear and the direction of the crystal 
surface with respect to the axes. 
Several previous attempts have 
been made to determine the orien- 
tation of a given face or cut, either 
from the appearance of the etch 
figures themselves as seen under 
the microscope, or from the light - 
pattern obtained by reflection or 
refraction from the facets.' How- 
ever, the direction of the facets 
used in most cases changes errat- 
ically with such factors as length 
of etching time, concentration of 
etching agent, etc. Therefore, such 

orientation methods are only ap- 
proximate at best. 

Yet, for certain specific reasons' 
there will be some etch facets that 
are not dependent on these extran- 
eous conditions, and they can pro- 
duce refraction patterns that may 
always be related accurately to the 
orientation of a crystal. These sta- 
ble facets appear best in the 
scratches of a ground quartz sur- 
face that is approximately parallel 
to the XY plane, after 2 to 3 hours 
of etching in hydrofluoric acid. -Fig- 
ure 1 shows the appearance of the 
etched surface under the micro- 
scope. 

The trigonal etch pits and pyra- 
mids on the surface produce on a 
translucent screen the star -like tri- 
angular refraction pattern in Fig. 
2 when a strong narrow collimated 
beam of light is passed through 
the crystal along the Z axis. The 
three "spots" in Fig. 2 are due to 
refraction from the "stable" etch 

facets in the scratches of the sur- 
face, and these make possible a 
precise orientation of the etched 
crystal. 

Interpretation of Pattern 

The following empirical relation- 
ships exist between the light pat- 
tern produced by them on a trans- 
lucent screen and the characteris- 
tics of the mother crystal : 

(a) The Z axis is parallel to the 
light beam producing the refrac- 
tion pattern if the pattern is centro - 
symmetrical, i.e., if the three spots 
appear equidistant from each other 
and from the 'center as observed on 
the fixed superimposed "net" on the 
ground glass screen. 

(b) The crystal is right-handed 
if the spot -pattern appears to be 
rotated clockwise with respect to 
the apices or points of the star -pat- 
tern; left-handed if rotated coun- 
terclockwise. 

(c) The Y axes are parallel to 
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FIG. 3-Relationship between axes and 
light pattern for left quartz, in which the 
spot pattern appears to be rotated coun- 

terclockwise from the star points 

lines drawn through the center of 
the symmetrical pattern toward the 
spots, but rotated 2 degrees in the 
XY plane toward the nearer point 
of the star -pattern (see Fig. 3). 

(d) If we assume that the +Z 
axis points toward the observer, 
the negative ends of the Y axes are 
those that point toward the spots; 
therefore, the ends of the Y axes 
pointing away from the respective 
spots are positive. (In this paper 
the IRE conventions for signs and 
axes is followed throughout.) 

(e) The X axes of the crystal 
are parallel to lines through the 
center of the pattern and at right 
angles to the Y axes. 

(f) The ends of the X axes 
pointing toward the points of the 
star are negative. 

(g) The presence of twinning on 
the surface is detected by moving 
the etched surface in a plane per- 
pendicular to the light beam; at a 
twinning boundary the refraction 
pattern changes abruptly according 
to the kind of twinning. 

(h) Optical (Brazilian) twinning 
is present if the pattern changes 
from a typical left-hand to a right- 
hand pattern, or vice versa; the 
spots will be found on the opposite 
sides of the star in the twinned area 
(see Fig. 4a). 

(i) Electrical (Dauphiné) twin- 
ning is characterized by a rotation 
of the whole pattern for 180 deg in 
the twinned area; the spots remain 
on the same side of the star (see 
Fig. 4b). It is to be noted that the 
position of the star -points may 

FIG. 4-Effect of the two types of twin- 
ning on the refraction pattern as the 
etched surface is moved in a plane per- 

pendicular to the light beam 

deviate from the average by as 
much as 20 deg, depending on time 
of etching, etc. But because the ro- 
dometric method relies on the stable 
position of the spots the determina- 
tion of orientation will not be af- 
fected by the erratic behavior of 
the star. 

Production of the Etch Pattern 

The following is a simplified out- 
line of the standard treatment of a 
mother quartz, from the initial 
sorting to the point where the orien- 
tation can be determined. 

(a) Examination of the mother 
quartz for flaws. 

(b) Simultaneous examination 
for excessive optical twinning and 
approximate location of optical 
axis, using polarized light. 

(c) Preparation of the "win- 
dow": After immersion of the crys- 
tal in the oil bath, it is cleaned well, 
and an area of the size of a half dol- 
lar is cut or ground on the crystal 
in a plane that is not much more 
than 10 deg from the XY plane. 
The smaller the deviation, the bet- 
ter will be the subsequent refrac- 
tion pattern. If the crystal is badly 
damaged on the side opposite the 
window, a second similar face 
should be made there. 

(d) Grinding of the "window". 
With carborundum (grade 100) 
scratches are ground on the win- 
dow, either on a glass plate or on a 
rotating horizontal grinding wheel. 
The grinding should be random and 
thorough (this step might be re- 
placed by sand -blasting) . The grind- 

ing "mud" is to be renewed fre- 
quently and must be kept free from 
oil and grease, because it is essen- 
tial that the window be kept clean 
throughout the process. 

(e) The mother crystals-or at 
least the windows-are placed in a 
hard rubber etching vessel contain- 
ing a mixture of three parts of ap- 
proximately 50 percent commercial 
hydrofluoric acid and one part tap 
water. These proportions and the 
temperature are not critical, but the 
acid should be stirred constantly 
and renewed fairly regularly. After 
two to three hours the crystals are 
removed and rinsed. They are now 
ready for orientation. 

Preparation for Orientation 

Up to this point it has not been 
necessary to mount the crystal or 
to use any jigs, since the window 
can be made by pressing the quartz 
against a grinding wheel by hand. 
From here on, however, the crystal 
has to be related to a fixed refer- 
ence system in the orientation pro- 
cedure. For this purpose the 
mother crystal can now conceivably 
be mounted directly and perma- 
nently on the swivel fixture used on 
the saw table; or, as is actually be- 
ing done, it is mounted on an in- 
termediate swivel fixture from 
which it can be transferred to the 
saw table after the one-step orien- 
tation procedure. In both cases it 
facilitates subsequent manipula- 
tion if the crystal is mounted with 
an X axis approximately perpen- 
dicular to the mounting surface. In 
case the intermediate fixture is 
used the mounting procedure is as 
follows : 

(a) Place the etched window 
near the eye, and the opposite end 
of the crystal in a flat-bottomed 
dish containing a compensating oil 
bath. (This apparatus is sometimes 
called a rodoscope.) If light passes 
from a pin -hole under the dish 
through the crystal approximately 
along the Z axis, a refraction pat- 
ter is seen equivalent to Fig. 1. That 
figure, however, was obtained on a 
screen rather than by direct view- 
ing. For the same position of the 
crystal the two patterns are rotated 
180 deg with respect to each other; 
therefore the directions of the posi- 
tive X axes are approximately in 
the direction of the star -points as 
seen in the rodoscope. 
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(b) Mark the approximate direc- 
tion of the star -points on the edges 
of the etched window, and mount 
the mother crystal with wax on the 
fixture, with one of the three X 
axes perpendicular (negative end 
of axis toward mounting surface, 
i.e., corresponding mark on win- 
dow away from fixture). The fix- 
ture can be a photographic pan -head 
with ball and locking handle, fitted 
with a removable mounting plate 
for the crystal (Fig. 5). 

(c) As seen in Fig. 5, the fixture 
and the rectangular rod to which it 
is rigidly attached are transferred 
with the mounted crystal to the 
rodometer. There the rod makes a 
smooth fit and can be clamped in a 
fixed horizontal socket. 

The Rodometric Examination 

Several different models of the 
rodometer' have been made; in es- 
sence this instrument consists of a 
strong light source which provides 
a narrow collimated beam by means 
of a lens system ; the light passes 
vertically through the horizontal 
plate -glass bottom of an oil bath 
into which the lower end of the 
crystal is immersed. Upon refrac- 
tion by the etch facets on the win- 
dow, the light pattern is focussed 
on a ground glass screen by a lens. 

It is the task of the operator to 
bring the light pattern appearing 
on the translucent screen into coin- 
cidence with the photographically 
superimposed line drawing (such 
as is reproduced in Fig. 6). This 
he does by looking at the screen, 
either in a darkened room or 

FIG. 6-Superimposed reference draw 
ing for interpreting refraction patterns 

through a light -shielding. hood, 
while manipulating fixture and 
mounted crystal until coincidence of 
drawing and light pattern is 
achieved, at which point the fixture 
is locked by a turn of the knob 
(see Fig. 5. The _additional arm is 
not essential). 

If the translucent screen is per- 
pendicular to the undeviated light 
beam which would strike the center 
of the superimposed line drawing, 
the Z axis of the crystal is parallel 
to the direction of the light beam 
whenever the light pattern appears 
symmetrical on the screen. Sym- 
metry is established if the three 
spots of the light pattern fall into 
the center of the three rings pro- 
vided on the drawing. Owing to the 
erratic behavior of the stars, their 
positions may deviate somewhat 
from the drawn figure. 

The screen shows a separate 
drawing for right and for left 
quartz, because it can then be pre- 
set with respect to the fixed rod at- 
tached to the fixture, so that lock- 
ing the fixture after the orientation 
procedure will, in our example, al- 
ways result in the X axis of the 
crystal being accurately parallel to 
the length of that rod (negative 
end of axis in direction of free end 
of rod), regardless of whether it 
be right or left quartz. 

Before removing crystal and fix- 
ture from the rodometer, the worker 
makes a mark on the window to in- 
dicate the hand of the crystal. By 
observation of the light pattern he 
has already noticed during the first 
stages of the manipulation whether 

FIG. 7-Final mounting of crystal in 
scaffold 

FIG. 5-Upper part of rodometer 

twinning occurred on the window, 
and what kind; if desired, a code 
mark with that information is also 
put on the mother crystal. 

The rod with fixture, etc., is now 
slid out from socket and rodometer, 
and the oil on the lower portion of 
the crystal is cleaned off. The orien- 
tation of the crystal is now fixed by 
the following facts : 

(a) The right- or left-handed- 
ness is marked on the window. 

(b) The X, Y and Z axes of the 
crystal are parallel to the three 
edges of the rectangular rod, if the 
rodometer is correctly lined up. 

(c) If the positive Z axis is as- 
sumed to point upward from the 
window and a positive X axis points 
out from the unmounted side of the 
crystal and parallel to the length 
of the rod, then a Y axis makes an 
orthogonal righthanded axial sys- 
tem for right quartz, and a left- 
handed axial system for left 
quartz'. 

Transfer to Saw Table 

The orientation of the crystal 
having been determined, the mother 
crystal is re -cemented on its free 
side on a glass plate for final cut- 
ting, usually with the positive X 
axis perpendicularly downward, 
and the Y and Z axes (in the same 
plane as the plate) making any de- 
sired angle, usually zero degrees, 
with a ground reference edge of the 
glass plate. 

The procedure for cementing is 
indicated by the schematic drawing 
in Fig. 7. The rod is slid into a 
vertical, tightly fitting socket of the 
"scaffold" where it can be clamped. 

(Continued on page 252) 
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Inverse Tube 1Either shunt tube or 
¡ inverse tube in 

¿ ciroujt-(not bofh) 

Series Tube e Trans. Ratio=10:I 

Ii 

FIG. 1 - Basic capacitor -dis- 
charge welding circuit (left). 
and simplified equivalent cir- 

cuit (right) 

CAPACITOR -DISCHARGE 
THE method of welding with elec- 
trostatically stored energy em- 

ploys a capacitor bank, usually of 
several thousand microfarads, 
charged to 1500 to 3000 volts. This 
capacitance is discharged into the 
primary of the welding trans- 
former, the secondary of which, 
usually a single turn, connects to 
the welding electrodes. The fre- 
quency at which this transformer 
operates is the natural frequency 
of the circuit and varies with the 
size of the capacitor bank, the in- 
ductance of the welding circuit and 
the turns ratio of the transformer. 
The wave shape of the welding dis- 
charge is a more or less attenuated 
sine wave which in some systems 
leads into an exponential discharge 
curve. In other systems the dis- 
charge wave is terminated after 
duration of one half or one full 
cycle. 

Under no conditions must the 
transformer be allowed to saturate. 
A convenient way to check the weld- 
ing transformer against saturation 
is to compare the wave shapes of 
primary and secondary current. If 
saturation starts, the primary cur- 
rent rises and the secondary power 
is reduced. The results are: (1) 
Loss of energy in the transformer; 
(2) Non -repeatability of weld heat; 
(3) Possible damage to control ele- 
ments in the primary circuit. 

In the following a method is pre- 
sented which allows a quick deter- 
mination of the maximum incre- 
mental flux density occurring in 
the welding transformer under 

various conditions. In addition, 
formulas and graphs are developed 
to show voltages, currents, and dur- 
ation of the successive phases of 
the capacitor discharge welding 
current. 

Wave Shape of Welding Current 

Welding circuits of the type un- 
der consideration generally consist 
of the capacitor battery, the weld- 
ing transformer (with electronic 
tubes as switching elements), and 
the secondary loop with the welding 
load. This circuit is shown in Fig. 
1. The discharge is initiated by 
the series tube, and is terminated 
by the shunt tube, or in some sys- 
tems by the inverse tube. 

The coupled circuits can be sim- 
plified to the equivalent circuit 
shown in Fig. 1 by transposing the 
secondary inductance and resis- 
tance values L. and R, into the pri- 
mary circuit according to the rela- 
tions 

R = nº Rs (1) 

L=n'Le (2) 

where n is the turns ratio of the 
welding transformer. It has been 
shown by direct measurements that 
the reflected resistance R and induc- 
tance L by far outweigh the resis- 
tance and inductance of the pri- 
mary circuit, including leakage in - 

FIG. 2-Attenuation triangle expressing 
relations in a capacitor -discharge weld- 
ing circuit, worked out here for the 
circuit constants given in the example 

at the end of the article 

ductance and the resistance of the 
transformer primary. 

The attenuation of the welding 
circuit is expressed by the attenu- 
ation angle S as follows: 

sin 
s=2L R 

Using Eq. (1) and (2), the at- 
tenuation angle is obtained from 
the original circuit constants L,, R,, 
C and n, which are known to the 
transformer designer. 

(3) 

sins = n 
2s 

(4) 

With increasing turns ratio the 
attenuation of the welding dis- 
charge increases, until when n is 

vL 
v 

b -i5` 

Ø75u 

n=150 
R 

+i 2 
zi-- -i 
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Development Laboratory 
By H. K L E M P E R E R Raytheon Manufacturing Co. 

-Waltham, Mass. 

Voltage, current and time relations for the successive phases in capacitor -discharge 

welding are developed for shunt and inverse tube circuits, and a quick method is given 

for determining whether undesirable saturation exists in the welding transformer 

WELDING SYSTEMS 
equal to the critical turns ratio no, 
the circuit is critically damped. The 
corresponding critical turns ratio 
is therefore defined as 

2 Le 
ne 

Re C 

Having determined the critical 
turns ratio no from the circuit con- 
stants, it is possible to draw the 
attenuation triangle for any turns 
ratio of the welding transformer. 
That construction will allow a sim- 
ple scaling of the constants of the 
current equation. 

The attenuation triangle is a 
right triangle with the base and 
hypothen use drawn in proportion 
to n and no respectively, as in Fig. 

(5) 

2. The top angle is S, the attenua- 
tion angle of the welding circuit, 
and the complementary base angle 
is 95, the phase angle between volt- 
age and current in the weld circuit. 

If the base is scaled in propor- 
tion to R/2L, which is the inverse 
oscillation time constant of the 
welding circuit (dimension seta), 
the altitude will read the natural 
frequency v/27r of the welding cir- 
cuit. 

Thus, reading S and y from the 
attenuation triangle, the current 
equation 

tR 
E, - $L i 

11/./C cos S 
sin vt 

is easily evaluated. The value 

(6) 

NIL/CC can be read from the attenu- 
ation triangle, being the hypoten- 
use if the base is made equal to R/2 
ohms. 

From Eq. (6), the time in sec- 
onds, counting from the beginning 
of the weld, at which the welding 
current reaches its peak is 

TM = 50/v (7) 

This current maximum has a 
value in amperes equal to 

E, -p tenb 
in - 

VL/v 
(8) 

Systems with Shunt Tube 

In welding systems using a shunt 
tube -the welding energy is pre- 
vented from oscillating back into 

FIG. 3-Welding current and voltage as calculated for the two circuit versions of Fig. 1. Solid 
lines are for system with shunt tube; dash -dash line for system with inverse tube 
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the primary circuit. Neglecting 
tube drops, the current commutates 
from series tube to shunt tube at 
the time when the capacitors are 
fully discharged. This time in sec- 
onds is 

T x = (ir - 0/v (9) 

The commutating current in am- 
peres at this time has the value 

F,o - ((7-4') can g 

Ix 1IL/Ce 
(10) 

After this commutation the weld- 
ing circuit is changed; the capac- 
itor being disconnected, the cur- 
rent decays exponentially according 
to 

is = I x e tx iL (11) 

This current, is, reaches its end 
abruptly at the moment when it is 
too small to support the cathode 
spot in the shunt tube. This extinc- 
tion usually takes place somewhere 
between 5 and 3 amp. Calling the 
extinction value of the current IF, 
the time of extinction in seconds 
is 

Tr = T x }L loge I r (12) 

which also designates the duration 
of the weld. 

Considering the welding circuit 

as a coupled system (Fig. 1) , it is 
evident that a residual current in 
the secondary keeps on flowing 
after the primary current thus has 
ceased to flow. This residual cur- 
rent has an initial amplitude nIr 
of several hundred amperes and 
dies out with the time constant 
Ls/Rs. Unless suppressed by addi- 
tional means, discussion of which is 
outside the scope of this communi- 
cation, this residual current may 
cause excessive sparking at the mo- 
ment when the electrodes are 
opened. 

Systems with Inverse Tube 

In the capacitor discharge weld- 
ing system using an inverse tube 
instead of the shunt tube, the series 
tube stays conducting until the cur- 
rent wave has gone to zero. At this 
time, while the capacitor voltage 
passes its negative peak, the cur- 
rent commutates from series to in- 
verse tube. Through the inverse 
tube the former half cycle is re- 
peated with decreased amplitudes 
and in opposite direction, and at the 
end of the full period the capacitors 
carry a residual charge of the 
original sign. 

20 

Primary Turns 
100 200 300 400 500 575 

0.25 05 
n 
nc 

0.75 

FIG. 4-Maximum flux in the welding transformer of a capacitor -discharge 
circuit, plotted as a function of the turns ratio. Circuit constants employed are 

those of the example 

The inverse voltage peak in 
volts is 

- Er = Eo e--= tanE (13) 

The inverse current in amperes 
rises to 

Eo - I = -cc -or + So) tan (14) 

and the residual capacitor voltage 
at the end of the welding period is 

Er = Ea e-22. can E (15) 

Finally, the time in seconds of 
the welding period is 

T', = 2 a/v (16) 

Example 

In a typical welding equipment 
the measured secondary resistance 
value Rs was 1.14 x 10-' ohms. This 
resistance value is much larger 
than the resistance of the actual 
weld, which in the case of alumi- 
num is of the order of 10' to 10' 
ohms. The secondary inductance 
Ls was 9 x 10' henry. (The induc- 
tance varies mainly with throat 
depth and height.) The machine 
was run at C = 840 µf and E, = 
3000 volts. The turns ratio of the 
welding transformer was n = 150. 

From these data and Eq. (5) the 
critical turns ratio is determined 
to be na = 575. The time constant 
L/R is 7.9 X 10' sec. 

The attenuation triangle is drawn 
as shown in Fig. 2. The following 
data are scaled from the triangle: 

=15°;4,=75°;y=222, which 
corresponds to a natural frequency 
of 35.4 cps. With these data sub- 
stituted into the above equations, 
the following results are obtained : 

TM = 5.9 X 10 -'sec; I,t = 475 amp; 
Tx = 8.2 x 10' sec; I, = 406 amp. 

In the system with the shunt 
tube, commutation takes place at 
this moment Tx. An exponentially 
decaying current is flows from here 
on and comes to an end after a to- 
tal duration of the weld of approxi- 
mately T, = 40 X 10' sec. 

If the same system is operated 
with an inverse tube instead of the 
shunt tube, energy flows back from 
the secondary circuit through the 
series tube into the capacitors, 
which swing negative to - E,,,, 
1300 volts. There the inverse tube 
picks up, the inverse current rises 
to - Im,, = 200 amp, and the resi- 
dual positive capacitor voltage at 
the end of the weld is Er = 565 
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volts. The duration of the welding 
period is T'F = 28 x 10-8 sec. 

Flux Density in Welding Transformer 

If the transformer saturates, the 
above equations do not apply any 
more because L becomes a function 
of i. The magnetizing current, 
which was neglected, grows to a 
substantial value; primary and 
secondary current wave shapes do 
not agree any more. Briefly, the 
primary current grows in peak 
value and in tail length, and its en- 
ergy is largely wasted in the iron. 
Subsequent welds get weaker and 
weaker, and a danger point is 
reached if the tail is so long that 
the transformer is still energized 
when the next weld is started. 

For these reasons a check of the 
maximum flux in the welding trans- 
former is desirable. A relation be- 
tween this maximum flux and the 
transformer turns ratio can be de- 
veloped from the fundamental flux 
equation : 

AI) di 10° 

Tit[L R ti 
n 

cbma: = 108 [Li -I- Rit] E° 

ema= =108[Llxi-RCE°1 (19) 

Here Ix is the commutating cur- 
rent of Eq. (10). Since Ix flows at 
zero voltage, which is the time 
when the capacitors have trans- 
ferred their total energy into the 
welding circuit, these equations 
hold for circuits using an inverse 
tube as well as a shunt tube. Sub- 
stituting Eq. (10) into Eq. (19), 
we get 

X 10-8111 Le C é t* - n> ta^ a + 
n Ra Cl In (20) 

Thus Om can be readily figured 
when s and 4) are taken from the 
attenuation triangle (Fig. 2). 

The maximum flux in capacitor 
impulse welding transformers is 
composed of two terms, 4, and 42. 

Only cih is linearly growing with the 
turns ratio n; cp, is decreasing in a 
somewhat exponential manner from 
an initially high value, and disap- 
pears at the approach of critical 
damping. The sum 95 rises very 
slowly at low turns ratios and, in 
fact, does not change too much 
under practical conditions. 

Flux conditions for a trans- 
former in the above calculated 
welding circuit are plotted in Fig. 
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FIG. 5-Curves for maximum flux in the welding transformer as a function 
of capacitor size, with a constant turns ratio value n of 150. Circuit constants 
for these curves are those of the example in the article. The two lower curves 

are for the components that make up the maximum flux at each instant 

4 over the transformer turns ratio. 
The total flux rises only about 60 
percent for a change of turns ratio 
from 100 to 450 turns. 

While the maximum flux rises 
in proportion to the applied ca- 
pacitor voltage, it also increases 
in an almost linear manner, 
though not in proportion, with the 
capacitor size. To illustrate this 
relation the flux conditions in the 
welding transformer are plotted in 
Fig. 5 under constant voltage and 
turns ratio as a function of the 
capacitor size. Again, as Eq. (20) 
shows, the two flux components 
rise in a different manner; one is 
proportional to the capacitance, 
and the other, except for very low 
values, is almost constant. The re- 
sulting maximum flux line is fairly 
straight for practical capacitor 
sizes. The flux scale of Fig. 5 ap- 
plies to the above calculated weld- 
ing circuit and a turns ratio of 
150 :1. 

Some welding systems operate 
with such a high transformer turns 
r:.tio that the capacitor discharge 
is aperiodically damped. (n>n,). 

In these circuits the welding dis- 
charge is carried by the series tube 
alone and, since there is no reversal 
in the direction of power flow, the 
series tube may be replaced by a 
contactor. Disadvantages of this 
system are long duration of the 
welding discharge and a high flux 
in the transformer. 

In all welding circuits using 
capacitor discharge power of sub- 
stantially unidirectional flow, pre- 
cautions have to be taken against 
saturation of the transformer re- 
sulting from incomplete demagne- 
tisation after subsequent impulses. 
To this effect in some systems the 
primary transformer connections 
are reversed after each weld. This 
is done either by means of me- 
chanical contactors or by a double 
set of discharge tubes. In other 
systems, electronic flux reset ar- 
rangements are used to counteract 
or reverse the residual trans- 
former flux in the time between 
the welds. In systems handling 
small amounts of power only, some- 
times an air gap in the welding 
transformer is provided. 
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Completed audio heterodyne amplifier 
used to pick up inaudible sounds, 
amplify them and produce a note of 
proportional loudness in the audible 
range. Loudspeaker grille is at left on 
panel, and crystal microphone grille at 

right 

Supersonic instrument for inspecting 
steel punches. Punches are tapped on 
the anvil just under the grille protecting 
the crystal microphone. If the super- 
sonic vibration frequency of a punch is 
outside the predetermined pass band, 
the indicator lamp at the top of the 
instrument is automatically turned on 

IN THE MANUFACTURE and dis- 
tribution of coin -operated bever- 

age vending machines, one of the 
problems encountered was the loss 
of revenue when slugs were inserted 
in these machines. One of the solu- 
tions proposed was the measure- 
ment of sound frequencies given off 
by the various coins when set into 
vibration, as a means of slug detec- 
tion. This naturally entailed the 
use of electronics as the means of 
detecting and selecting these sonic 
frequencies, and therefore an elec- 
tronic research and development 
laboratory was established for the 

Supersonic 

By BOLEY A. ANDREWS 
The Vendo Company 
Kansas City, Mo. 

purpose by The Vendo Company 
about five years ago. 

Experiments on specimens of 
various metals, made into slugs of 
the same dimensions as genuine 
coins, indicated that those slug 
metals having a lower modulus of 
elasticity than metals in genuine 
coins would vibrate at a lower fre- 
quency. A band pass of about 200 
cycles was found to be necessary 
because variations in thickness of 
genuine coins due to wear required 
a little latitude in the detection ap- 
paratus. 

A few models of slug rejectors 
using this principle of operation 
were constructed and tested, but 
development work on this project 
was suspended when the efforts of 
industry turned from peace to war 
production. All electronic research 
and development facilities of the 
company were then utilized to de- 
velop instruments for inspection of 
the thousands of parts which were 
produced for the various branches 
of the armed services. Supersonic 
experiments were conducted on 
small items such as bullet cores, 
projectiles, steel punches and small - 
caliber cartridge cases. 

There are three methods of util- 
izing supersonics for the inspection 
of materials: 

1. Vibrating the article being 
tested and checking the emitted 
tone against the tone of a standard 
specimen ; 2. Measuring the dura- 
tion of sound given off by an article 
when in free vibration; 3. Passing 
a supersonic wave through the piece 
to be tested and measuring the re- 
sulting reflection or absorption of 
the waves. 

In the first method, standard 
specimens are set into vibration 

and their tones measured to deter- 
mine the permissible range of tone 
frequencies. Each piece being tested 
is then similarly, vibrated and its 
tone measured. Any appreciable 
difference in tone will then indicate 
the presence of a flaw. This method 
is now in use by various industries 
for testing files, grinding -stones 
and castings. However, these tests 
are made by the human ear since 
these items are of such dimensions 
that the frequency of vibration is 
audible. 

Measuring Vibration Frequencies 

When the frequency of vibration 
extends above the audible range, 
which is generally conceded to be 
above 20,000 cps, an instrument for 
making these sounds audible is re- 
quired. This instrument is called 
an audio heterodyne amplifier. The 
circuit is shown in Fig. 1, and con- 
sists of an amplifier in which is 
contained a local oscillator that 
beats with the incoming sound fre- 
quency to produce a difference fre- 
quency in the audio range. This is 
similar to the superhetrodyne prin- 
ciple used in communications. 

A satisfactory microphone for 
detection of supersonic frequencies 
is a type of crystal cell manufac- 
tured by The Brush Development 
Laboratories. This cell is made 
from rochelle salt crystals cut to 
resonate at definite frequencies, 
somewhat as quartz crystals are 
manufactured. Other types of mi- 
lrophones can also be used, such as 
a ribbon type in which the ribbon 
is stretched to resonate at the fre- 
quency desired, a condenser type in 
which the diaphragm is stretched, 
and a dynamic type in which the 
cone or diaphragm is made in the 
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Inspection Methods 
Cracks, differences in hardness, changes in dimensions and variations in the composi- 

tion of many materials can be quickly detected by new techniques utilizing supersonic 

frequencies. Three different methods, all involving electronic circuits, are described 

form of a disc dimensioned to reson- 
ate at a certain frequency. 

The types of flaws which produce 
deviations from normal frequency 
in an article are cracks, a change in 
hardness, changes in dimensions, 
and changes in composition. Not all 
articles can be tested by this method 

, because of such factors as configur- 
ation and wide variations in dimen- 
sions, hence discretion should be 
used when trying to adapt this 
method of inspection to any specific 
item. 

When an article is found which 
can be tested by measuring its vi- 
bration frequency, the procedure is 
as follows : Several good samples 
are procured and a frequency test 

is made. This test consists of vi- 
brating the article by striking it 
on a hard surface and allowing it 
to vibrate freely, and picking up 
and tabulating the sound fre- 
quencies. The tabulated frequencies 
are then analyzed and the band 
widths established. Some band- 
width latitude is necessary because 
of small variations in dimensions in 
the articles. 

Next, the production test instru- 
ment is constructed. It normally 
consists of an amplifier having a 
band-pass filter, a trigger tube and 
an indicator. The completed instru- 
ment will pick out any article which 
does not have the same vibration 
characteristics as the standard ar- 
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F -G. 1-Circuit of audio heterodyne ampli- 
fier used to make supersonic vibrations 

audible 

rG. 2 (right)-Circuit used to deliver 
a voltage to a trigger tube when super- 
sonic vibrations picked up by a crystal 
microphone are outside predetermined 

supersonic frequency limits 

tides, regardless of whether the 
sound can be heard, since the tone 
differentiation is done in the tuned 
amplifier. 

A circuit which has been used 
for frequency discrimination of 
sounds above 20,000 cps is shown in 
Fig. 2. This circuit is capable of 
good selectivity and will withstand 
ambient temperatures without 
changing the frequency response. 

The circuit includes a pre -ampli- 
fier, a limiter, a broadly tuned 
fundamental amplifier and a har- 
monic generator using a triode as a 
class C amplifier. The triode is 
biased in such a manner that the 
tube conducts only when the volt- 
age applied to the grid exceeds a 
nominal voltage, thus creating dis- 
tortion of the signal and producing 
harmonics in the plate load. The 
plate load circuit is an i -f trans- 
former resonating at about 175 kc. 
This is followed by a conventional 
i -f amplifier stage and a diode recti- 
fier which provides a direct voltage 
for operating a trigger tube. The 
purpose of the tuned amplifier for 
the fundamental sound frequency 
is to allow only those frequencies 
which are in the prescribed band 
width to reach an amplitude great 
enough to operate the harmonic 
generator; selective harmonic gen- 
eration is thus attained. 

For an example, let us assume 

Pre -Amp. Limiter 

ti 
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that a band width of 100 cps peaked 
at 19,500 cps is required. The coil 
used in the amplifier preceding the 
harmonic generator would be peaked 
at 19,500 cps and have a Q of about 
8. Since the input voltage to this 
amplifier is limited, the output to 
the harmonic generator will be a 
function of frequency. The bias sup- 
ply on the harmonic generator is 
set so that only those frequencies 
which are about 200 cycles away on 
each side of the peak voltage will 
exceed it. Thus, harmonics are gen- 
erated of these frequencies only 
since any other frequency will 
not have sufficient level to over- 
come this bias. The 9th harmonic 
of 19,500 cps is 175.5 kc, which is 
in the tuning range of standard i -f 
transformers. These transformers 
may be of the variable coupling 
type, and so provide a means for 
obtaining further band -passing. 

By using this type of selective 
circuit it is possible to produce in- 
struments which can be adjusted to 
any frequency by merely changing 
the microphone and the tuned coil 
used in the amplifier stage preced- 
ing the harmonic generator. The i -f 
stage can remain the same, selec- 
ting different multiples of the fun- 
damental frequencies so as to be 
within the tuning range of the 
175-kc coils. 

Measuring Duration of Sound 

The second method of flaw detec- 
tion by supersonics involves meas- 
uring the duration of sound given 
off by an article when in free vi- 
bration. This system is now being 
used in its elementary form for 
testing glasses and goblets. It is 
also used for testing the bondage 
between two pieces of metals, as in 
steel -backed bronze bearings. In 
these applications the testing is all 
done by the ear, and the article is 
struck or dropped to produce vibra- 
tions. 

When an object is set into free 
vibration, the amplitudes of these 
vibrations decrease exponentially. 
This is due to internal friction of 
the object and is known as the 
damping property of vibration. 

A method of determining the 
specific damping capacity is by 
measuring the logarithmic decre- 
ment of vibration. This can be ob- 
tained by vibrating the object first 
at its natural frequency, then at 
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FIG. 3-Flaw detection by observation of 
reflected supersonic waves 

frequencies on each side of the peak 
frequency, and noting the ampli- 
tudes. The analysis is somewhat 
like the Q méasurements taken on 
coils. The logarithmic decrement 
e is based upon the resonance curve 
formula e = (f,- f2)/fo, where fo 

is the frequency at resonance and 
f, and f2 are frequencies on either 
side of resonance at which the am- 
plitude of vibration is 1/ ..\/-2- times 
the amplitude of vibration at reso- 
nance. 

The apparatus required for this 
type of test includes an audio oscil- 
lator, a vibrator, an oscilloscope and 
a vacuum -tube voltmeter. The 
standard specimens are first tested 
and the decrement noted. Any ob- 
ject producing a different value of 
decrement is rejected. 

Measuring Absorption of Supersonic 
Waves 

The third method used in super- 
sonic testing is that in which the 
supersonic wave is actually passed 
through the piece to be tested and 
the resultant reflection or absorp- 

FIG. 4-Flaw detection by immersing 
specimen in oil and sending a super- 
sonic beam through it. Amount of light 
reflected from surface of oil is propor- 
tional to amount of supersonic energy 

passed by piece to be tested 

tion of waves measured. This 
method is more precise that the two 
previously mentioned systems, but 
is more involved and requires a 
larger amount of apparatus. 

The object being tested is mounted 
on a suitable support, and a quartz 
crystal is attached to one end of 
the test specimen, as shown in Fig. 
3. This crystal is connected to a 
high -frequency oscillator that is 
pulse -modulated by a low -frequency 
oscillator. A rochelle salt crystal 
for picking up the pulses is also at- 
tached to the specimen. This crys- 
tal is connected through an ampli- 
fier and rectifier to a cathode-ray 
oscilloscope for visual observation 
of the reflected waves traveling 
along the test specimen. 

The test is conducted first on sev- 
eral standard specimens, and the 
reflected waves are noted on the 
oscilloscope screen. The pattern is 
a series of reflected pulses which 
occur at frequent regular intervals 
when the specimen is flawless. If 
a flaw exists, there will be in the 
pattern an extra pulse which is not 
obtained with a good specimen; this 
is indicated by the dash -dash curve 
in the pulse pattern in Fig. 3. If 
the specimen is a uniform bar, the 
distance between pulses in the train 
of reflected waves can be calculated. 
On specimens of non -uniform struc- 
ture the reflected waves are com- 
pared with those of a standard 
specimen. 

A variation of this method is as 
follows: A quartz crystal which is 
connected to a supersonic -frequency 
oscillator, is submerged in a pool 
of oil as in Fig. 4. The crystal will 
send sound waves vertically up- 
ward in a beam. At the point where 
the beam hits the surface of the oil, 
a light ray is focused and is re- 
flected onto a screen. The piece be- 
ing tested is immersed in the oil 
and placed in the sound beam, and 
the variations in the intensity of 
the reflected light on the screen 
are used as an indication of the 
quality of the specimen being 
tested. This method was used ex- 
perimentally by Sokoloff of U.S.S.R. 
in 1934, and more recently has been 
used to inspect tires immersed in 
a tank of water. Any change in the 
transmissibility of supersonic 
waves through the tire as it is 
slowly revolved in the tank will in- 
dicate the presence of flaws. 
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ELECTRONICS at SEA 
Official ti. S. Navy photographs 
of communications and other 
equipment in operation aboard 
a new light cruiser during its 

shake -down cruise 

Range information for anti-aircraft guns is transmitted by inter -ship 
phone from control stations. The pointer, seated on gun mount at 
left, adjusts for elevation while the trainer,seated at far right, main- 

tains horizontal position on the target 

Left: The navigator takes depth readings front an electronic fathometer 

Men in the communications center maintain contact with other ships of the fleet and bases by radio 
and handle the inter -ship phone system. During the shake -down cruise, the crew learned how to 

operate equipment under combat conditons 
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Jap Radio Equipment 
A detailed description of the Model 13 command set, a 7 to 11 -Mc transmitter -receiver 
employing cw, mcw and voice modulation and used on scout -bombers and reconnaisance 

planes. German -Japanese equipment comparisons are also made 

ByR. A. GORDON Chief of Aircraft Section, Naval Research Laboratory 
Anacoatia Station, Washington, D. C. 

FEOM THE DESIGN, construction 
and use of component parts 

employed in captured equipment 
described here and in previous ar- 
ticles1' it may be deduced that the 
pre-war thought and preparation 
of our two enemies was based on 
different ideas entirely. 

In German equipment we see 
clear evidence of years of engineer- 
ing planning with particular em- 
phasis upon mass production, 
including standardization of parts. 
Intensive use of non -strategic ma- 
terials to replace or reduce the use 
of strategic materials, all assem- 
bled to operate under climatic con- 
ditions found in North Atlantic 
atmosphere, indicates that most 
Nazi equipment was designed for 
operation under conditions encoun- 
tered in a temperate zone. Use of 
medium -power transmitters, short- 
range direction -finders and other 
similar gear further indicates that 
it was to be used primarily in the 
battle of Britain. 

In Japanese equipment we find a 
different thought uppermost. We 
find little evidence of careful engi- 
neering or planned production. In- 
stead, there was obviously frantic 
purchasing of all kinds of compo- 
nent parts and materials, mainly 
from this country, during the 
period from 1925 to 1940. This 
would lead one to believe that the 
Japs purchased outside their own 
country all possible gear, thus de- 
liberately saving their own metal 
stores particularly for other war 
purposes. Possibly the thought was 
that by the time amateurishly -as- 
sembled equipment was used up or 
lost Nippon would have access to 
other mineral sources. 

The outstanding circuit differ- 
ence between German and Japanese 
equipment appears to be the Ger- 
man omission of crystal control, 
which was probably not considered 
necessary except in master -control 
stations due to the short intended 
range of operation, and the exten- 
sive Japanese use of crystal con- 
trol to keep equipment exactly on 
frequency, apparently because of 
the great distances they expected 
to cover. 

Japanese High -Frequency Command 
Set 

The Japanese Model 13 is a com- 
mand set used in scout bombers and 
reconnaisance planes. CW, mcw, 
and voice operation is provided. 

The complete equipment consists 
of the three basic units: transmit- 
ter -receiver, a high -voltage dyna- 
motor, and a low -voltage dyna- 
motor (or vibrator -type supply). 

The transmitter consists of a 
crystal -controlled oscillator -doubler 
combination providing two pre - 
tuned channels in the band between 
7.6 and 10.6 Mc at a maximum 
power output of 26 watts cw and 9 
watts telephone. 

The receiver is a superhetero- 
dyne covering a frequency range of 
7.6 to 10.8 Mc, having a variable - 
frequency oscillator and also two 
crystal -controlled frequencies. 

One dynamotor supplies 1000-v 
d.c. from a 100-v d.c. source. The 
other dynamotor supplies 250-v 
from a 12-v d.c. source. All heat- 
ers, filaments, and relays operate 
from the 12 volt d.c. input voltage. 

Mechanical Details 

The transmitter -receiver is com- 
posed of two separate units. The 

components are mounted on metal 
shelves mounted in two small racks 
made of aluminum and brass angle 
stock. These racks are clamped 
together to form the receiver -trans- 
mitter unit. 

Inter -unit shields and outside 
covers are made of sheet aluminum. 
Tuning capacitor plates and other 
metal parts are made of nickel - 
plated brass with Bakelite or hard - 
rubber insulation. Toggle switches 
appear to be of American manufac- 
ture. Band and selector switches 
are Bakelite or hard -rubber insu- 
lated. Outside covers are finished 
in olive -drab crackle -finish and in- 
side metal parts are finished in 
olive -drab enamel. 

Tube shields are made of thin 
aluminum, are screwed onto tube 
sockets, and are equipped with top 
covers having press -formed han- 
dles to facilitate removal. 

Dials are of nickeled brass with 
planetary reduction drives (simi- 
lar to obsolete American units). 
Bakelite bar knobs are used on both 
transmitter and receiver. Receiver 
output terminals are intended to 
receive banana -type plugs. The 
telegraph key socket receives a 
slit -prong plug, whereas the micro- 
phone and telephone changeover 
switch input plug probably had 
solid prongs, as spring -pressure 
contact points are provided in the 
receptacle. 

Power cables are provided with 
split -contact female plugs on the 
transmitter -receiver end and solid - 
prong male plugs on the supply end, 
split -contact receptacles being used. 
Tube sockets in the receiver are 
made of a yellow -brown plastic. 
The transmitter tube sockets are of 
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hite - ceramic and are standard 
merican types. 
)resistors and other small parts 

áutited very close to the bottom 
of thé transmitter racks are insu- 
lated from the bottom by means of 
thin sheets,. of mica glued to the 
bottom cover.. 

Fuses are accessible through re- 
movable snap -fastened cover plates 
mounted on the front panel. Other 
parts are not reaily accessible for 
servicing even after screws and 
cover plates are removed. Fre- 
quency -change switches and selec- 
tor switches are particularly inac- 
cessible. 

A calibration chart for the re- 
ceiver is mounted in a small cellu- 
loid -covered window in a removable 
access cover on the top of the unit. 
A circuit diagram is mounted on 
the underside of the removable 
cover. 

Controls, instruments, indicator 
lamps, and terminals are well la- 
beled by means of small aluminum 
tabs inscribed with natural metal 
characters on a black background. 

The following tubes are used : 

Jap. 
Type Function 

UZ6ID6 R -F Amp. (Receiver) 
Ut6L7G Mixe (Receiver) 
UY76 High -Frequency Oscillator 

(Receiver) 
UZ6ID6 l -F Amp. (Receiver) 
Ut6B7 Detector - AVC - Audio 

Amplifier (Receiver) 
UY76 Beat -Frequency Oscillator 

(Receiver) 
UZ41 Audio Power Amplifier (Receiver) 
UY76 Side -Tone A -F Oscillator 

(Receiver -Transmitter) 
UZ510 Pentode Crystal Oscillator (Trans- 

mitter) 
UZ510(2) Pentode Power Doubler -Amp. 

(Transmitter) 

Com- 
parable 

American 

6D6 
6L7G 

76 
6D6 

6B7 

76 
41 

76 

RK2o 

RK20 

All receiver tubes are of the 
oxide -coated heater type for opera- 
tion at 6 v. in series -parallel, 
whereas transmitter tubes operate 
at 12 IT and are of the thoriated- 
tungsten filament type. 

The Transmitter 

The transmitter unit has the fol- 
lowing operating controls: Two 
antenna variometers, two two -gang 
oscillator and amplifier tuning ca- 
pacitors, one two -position fre- 

Japanese high - 

frequency command 
set, Model 13 

quency-change switch, one four - 
p o s i t i o n control switch (Left 
Break -In, Up Off, Right Stand -By, 
Down Transmitter Oscillator On, 
With Low Voltage), one send -re- 
ceive switch, and one switch for 
shorting the key terminals. 

The transmitter consists of a re- 
generative high -power pentode 
crystal oscillator, capacitance - 
coupled to two power pentodes 
operated in parallel as frequency 
doublers. For cw operation break- 
in may be obtained by means of re- 
lays cutting the screen -grid supply 
for both oscillator and amplifier 
stages, or the oscillator may be 
switched on by means of the send - 
receive switch and the amplifier 
keyed by means of a relay controll- 
ing its screen supply only. 

For telephone operation the tele- 
phone change -over relay is ener- 
gized by means of a switch on the 
microphone which also operates the 
break-in relays. Suppressor -grid 
modulation is obtained by means of 
a microphone transformer in the 
suppressor -grid return lead of the 
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Rear view of Jai) Model 13 transmitter -receiver 

amplifier tubes. The amplifier grid 
and suppressor grid bias voltages 
are increased and the microphone 
input circuit completed by the 
phone change -over relay. 

The antenna is energized by 
means of a two -turn coil induct- 
ively coupled to the amplifier tank 
coil and is tuned by means of the 
antenna variometers and an ex- 
ternal fixed air capacitor in series 
with the ground -return circuit. A 
thermocouple r -f ammeter is con- 
nected in series with the antenna 
lead. Neon indicator lamps are 
capacitively coupled to the oscillator 
tank tuning circuits to provide in- 
dication of oscillation and of the 
channel in use. 

A neon lamp is connected across 
the microphone transformer to pre- 
vent development of high peak volt- 
ages. A neon.' lamp is also used 
across the high -voltage fuse to in- 
dicate burnout. 

Channel switching is accom- 
plished by means of a front panel 
two -position switch which selects 
the proper crystal and the proper 
antenna variometer, and also se- 
lects the proper two -gang variable 
capacitor tuning the oscillator and 
amplifier plate tank circuits, the 
same coils being used for each 
channel. 

The Receiver 

The receiver is provided with the 
following controls : Main tuning 
dial controlling the variable -fre- 
quency oscillator, r -f amplifier and 

mixer circuits; a three -position 
selector switch allowing selection 
of either of two crystal frequencies 
or the variable -frequency oscilla- 
tor ; a beat -frequency oscillator 
vernier tuning capacitor; a switch 
for shorting the ave and placing 
the beat -frequency oscillator in 
operation; a switch opening the ca- 
thode circuit of the r -f amplifier 
and thereby rendering the receiver 
very insensitive. 

The frequency -change switch 
operates on the oscillator circuit 
alone and connects either the oscil- 
lator coil or either of two crystals. 
It is necessary to resonate the r -f 
and mixer circuits by means of the 
main tuning dial for each crystal 
frequency. 

The receiver consists of a vari- 
able -mu pentode r -f amplifier, a 
pentagrid mixer and a triode 
tuned -plate oscillator which is used 
as an untuned (Pierce) oscillator 
for crystal frequencies. The mixer 
is followed by one stage of vari- 
able -mu pentode i -f amplification 
operating at 628 kc. A diode sec- 
ond detector and diode automatic 
volume control are used, followed 
by a pentode voltage -amplifier 
stage, a double -diode -pentode tube 
being used for these stages. 

A triode is used as a beat -fre- 
quency oscillator, coupled to the 
i -f amplifier plate. The audio -out- 
put stage uses a power pentode. 
Also located on the receiver chassis 
is a triode audio -frequency oscilla- 
tor for use as a cw sidetone oscil- 

lator. Gain is controlled by a po- 
tentiometer varying cathode bias 
on the r -f, i -f and mixer tubes. 
High -impedance output is provided, 
headphones being coupled by means 
of a capacitor and choke coil di- 
rectly to thè plate of the pentode 
a -f output tube. 

Sidetone for monitoring is pro- 
vided on both telephone and cw. 
For cw an audio oscillator using a 
triode tube receives its plate volt- 
age from the positive side of the 
12-v battery through the keying 
relay. The output of this audio 
oscillator is connected through an 
r -f choke to a neon lamp and 
through the neon lamp, a resist- 
ance, another r -f choke and a capa- 
citor to the input of the final audio 
stage of the receiver. The output 
of the microphone transformer is 
also coupled through a high resist- 
ance to the input side of the same 
neon lamp. The neon tube itself is 
capacitivly coupled across the an- 
tenna circuit, so that when the r -f 
voltage present in this circuit be- 
comes high enough the lamp ionizes 
and allows the sidetone to pass 
through it and be heard in the re- 
ceiver headphones. The net effect 
of this arrangement is to provide 
positive assurance that at all times 
when the sidetone can be head r -f 
voltage is present across the an- 
tenna circuit. 

The Dynamotors 

The 250-v dynamotor is rated at 
60 ma, drawing 3 amperes. The 
1000-v dynamotor is not supplied 
with a data plate but it is appar- 
ently called upon to supply 170 ma 
at full load, which at 50 percent 
efficiency would mean a drain of 
3.4 amperes. Both units were re- 
ceived in an inoperative condition, 
and no operating data is available 
at this time. 

The circuit diagram supplied 
with the equipment shows a vibra- 
tor -type supply in, use in place of 
the 250-v dynamotor which was re- 
ceived with the equipment. 

The estimated total weight of the 
complete Model 13 command set 
equipment ready for operation is 
82.5 lb including an allowance of 
1.5 lb for headphones and 2 lb for 
microphone, cable, plugs and con- 
trol switches necessary for opera- 
tion. 

Four crystals were supplied with 
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the equipment. The receiver as re- 
ceived was equipped with two crys- 
tals designated 8590 kc (C/2) and 
7635 kc (1/2). The transmitter 
was supplied with two crystals de- 
signated 8905 ke (1/2) and 8590 
kc (1/2). Only the 8590 kc (C/2 
was labeled with the Japanese sym- 
bol for "receiver." Only the 8905 
kc (1/2) crystal could be made to 
oscillate and its fundamental fre- 
quency was found to be 4452.5 kc. 
Examination of other crystals 
showed that their fundamental fre- 
quencies were one-half those indi- 
cated on their plates, making it evi- 
dent that the designation (1/2) 
indicates doubler service. 

Test Results 

All transmitter measurements 
were made with a dummy antenna 
load of 10.35 ohms and 150 µµfd. 
All receiver measurements were 
made using a 20,000 -ohm output 
load. These load values yielded 
maximum output. Receiver sensi- 
tivity measurements were made on 
the basis of microvolts input re- 
quired to give selected standard 
output using an r -f input signal, 
modulated 30 percent at 400 cps. 

Receiver Performance 

An average receiver sensitivity 
of 13 microvolts at 10 milliwatts 
output was obtained. Selectivity is 
as follows : The overall bandwidth 
at 6 db down is 19 kc and at 40 db 
down it is 121 kc, at a frequency of 
8905 kc. 

The receiver has a poor avc char- 
acteristic, the avc serving mainly 
as a means of preventing blocking 
at very high levels. With no ave, 
maximum output is 2.7 watts, ob- 
tained at 1000 microvolts ; input 
blocking sets in rapidly after this 
level is exceeded. With avc on, 
action starts at about 400 micro- 
volts and the output levels off, 2.7 
watts being obtained at 0.1 volt 
input. 

Frequency stabilization was 
found to be poor. Taking +20 deg 
C as a zero point, the deviation at 
-30 deg C was +67 kc, or 0.7 per- 
cent. At +50 deg it was -40 kc, 
or 0.42 percent. The average over 
the whole range shows a variation 
of 1.2 kc per degree of temperature 
change. 

Sensitivity was 10 microvolts at 
+20 deg C and remained fairly 

Bottom view of Model 13 aircraft equipment 

uniform until a temperature of 
-10 deg C was reached. At a few 
degrees beyond this point the sen- 
sivity fell off very rapidly, reaching 
300 microvolts for 50 milliwatts at 
-20 deg C and -30 deg C. The 
freezing of the electrolyte in the 
electrolytic capacitors largely ac- 
counts for this sudden variation at 
low temperatures. 

The variation of receiver fre- 
quency with variation of humidity 
from 25 percent to 97 percent at a 
constant temperature df 40 deg C 
was -27 kc, or 0.28 percent at 
9466.7 kc, whereas sensitivity de- 
creased from 13 to 20 microvolts 
for 50 milliwatt output. 

The image -rejection ratio varies 
from 22 db at 7.6 Mc to 35 db at 
8.86 Mc. These values for image 
rejection compare unfavorably with 
those for similar equipment of mod- 
ern design, which are usually 60 db 
or greater. The i -f rejection ratio 
indicates an attenuation of 49 db 
at 7.6 Mc and 57 db at 10.8 Mc. 
These values compare unfavorably 
with those of similar equipment of 
modern design, which are usually 
80 db or greater. 

The audio system is sharply 
peaked at 1000 cps, being -17 db 
at 400 cps and -23 db at 4000 cps. 
The narrow pass -band results in 
some improvement in signal-to- 
noise ratio for cw reception but 
hurts speech intelligibility. 

Transmitter Performance 

Transmitter power output re- 

mained substantially constant when 
humidity was varied from 30 per- 
cent to 97 percent, whereas the fre- 
quency varied 100 cps. On the first 
high -humidity test a small mica 
bypass capacitor arced from its 
high -voltage terminal to a grounded 
mounting -screw. Considering the 
1000-v plate supply across the small 
spacing allowed, this is probably a 
not unusual occurrence when oper- 
ating at high temperature and 
humidity. 

The microphone transformer in- 
put voltages (Microphone output) 
required for various modulation 
percentages show that with 1 volt 
at 1500 cps 33 percent modulation 
was obtained, 2.7 volts being re- 
quired for 100 percent modulation. 
With a standard single -button mi- 
crophone, 35 percent modulation 
was possible with loud speech input. 

Since the audio system consists 
merely of the microphone input 
transformer and voltage supply, the 
fidelity characteristic was plotted 
on the basis of percent modulation 
at each audio frequency. The re- 
sponse is substantially flat from 
400 to 4000 cps, with rising high - 
frequency response to cutoff at 8000 
cps. This range is adequate to pro- 
vide satisfactory speech quality. 

The audio distortion character- 
istic of the transmitter was found 
to be adequate. At 70 percent modu- 
lation at 1000 cps, the total har- 
monic distortion was 7.3 percent. 
At 400 cps and 50 percent modula - 

(Continued on page 339) 
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FIG. 2 --Curve showing the reduction of current in a resonant 
circuit due to the additional resistance of a low -Q capacitor 

ICA, because of its many in- 
trinsic qualities, including 

low power factor and stability un- 
der a wide range of temperature, is 
a desirable dielectric for capacitors 
used in communications equipment 
and other types of electronic cir- 
cuits. That the mica capacitor is 
important is indicated by noting 
the national production figures for 
1943, which reached a rate of about 
500,000 capacitors per day. 

Although mica capacitors are 
widely used, and are essential to 
some circuit applications, it is of 
interest to note that they have been 
used extensively in places where 
other types of capacitors would 
serve equally well. In view of the 
demand for mica, it is necessary 
that we be economical in the con- 
sumption of our supply. This sug- 
gests a careful review of mica ca- 
pacitor usage with a view toward 
applying alternative types of capac- 
itors as far as possible without del- 
eterious effect on the operation of 
electronic equipment. 

Conservation of mica, by using 
other capacitors where they pro- 
vide adequate electrical qualities, 
will assure that the supply of stra- 
tegic mica will be ample for all the 
necessary applications. Therefore, 

Alternatives 
By FREDRICK E. HANSON'' 

Western Electric Co. 
Kearny, N. J. 

let us analyze the qualities of ca- 
pacitors necessary for some of the 
more common applications in elec- 
tronic equipment. 

Design Considerations 

Fixed capacitors are made of two 
conducting surfaces separated by 
an insulating medium, the dielec- 
tric. The properties of the capaci- 
tor are determined, to a large ex- 
tent, by the kind of dielectric used. 
Included in the family of dielectrics 
are mica, paper, air, glass, ceramics, 
as well as some recent developments 
in other dielectric materials. 

Electrical losses in capacitors are 
due to a number of factors, one of 
which is energy dissipation in the 
dielectric. These losses may be con- 
sidered as an equivalent series re- 
sistance or effective shunt resis- 
tance. The value of this resistance 
will, of course, determine the power 
factor of the capacitor. The power 
factor may be expressed approxi- 
mately as R.w.C, where R. is the ef- 
fective series resistance in ohms, C 
the capacitance in farads and u is 
2af. 

The power factor is one consid- 
eration in selecting the capacitor 

' Member, U. S. Mica Mission, W.P.B., 
to United Kingdom. 

required for a given circuit appli- 
cation. Often, in circuit design 
work we use the expression "Q" 
to describe capacitor properties. 
For the higher Q values this is the 
inverse of the power factor; thus a 
mica capacitor having a power fac- 
tor of 0.0005 may be described as 
having a Q of 2,000. 

Another consideration is the sta- 
bility of capacitance over the oper- 
ating temperature range. This is 
particularly important in certain 
circuit positions of electronic equip- 
ment for military use, because of 
the very wide temperature ranges 
encountered. Temperatures as low 
as -55 deg C are commonly en- 
countered in aircraft at high alti- 
tudes. Temperatures as high as 
+120 deg C are not unusual in or 
near dynamotors in aircraft or on 
ground equipment. The stability in 
this respect is usually expressed 
as the temperature coefficient of ca- 
pacitance. Mica capacitors of the 
best construction have a . temper- 
ature coefficient of less than 50 
parts per million per deg C over 
wide operating temperatures. 

19. 

Parallel `s 

FIG. 1-Fixed-tuned resonant circuits 
generally require capacitors having 

high Q 
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for MICA CAPACITORS 
Conservation of high-grade mica, necessary at this time, can be accomplished by use of 
other dielectric materials in capacitors. The operation of electronic equipment with such 

alternative capacitors is discussed by analysis of typical circuit applications 

Typical mica capacitors and their unit assemblies are shown at A, B, C and 
D (left). Alternative types that are mechanically interchangeable are (right): 
E, glass capacitor; F, molded Lectrofilm capacitor; G and H, molded paper 

capacitor 

A companion factor is the "re- 
trace" characteristic, that is, the 
degree to which the capacitance will 
return to its initial value at a given 
temperature after going through 
the variations which the capacitor 
experiences in use. In this respect, 
also, mica capacitors are attractive 
because they will retrace to within 
0.1 percent when carefully con- 
structed. 

Last, but by no means least, the 
capacitor should be capable of with- 
standing its impressed voltage at 
any or all operating temperatures 
without failure during the useful 
life of the electronic equipment. 
Mica capacitors of proper design 

have outstanding performance in 
life over the entire temperature 
range mentioned. 

Applications for High -Q Capacitors 

High -Q capacitors are used in se- 
lective circuits designed to resonate 
at one frequency and discriminate 
against all others, as in the tuning 
networks of radio receivers. Such 
parallel or series resonant circuits 
are represented in Fig. 1. The 
tuned circuits illustrated contain a 
fixed inductance and a fixed capaci- 
tance. The resonant frequency is 

represented as f, - 
L is the inductance 

1 

2a ,ILC, where 

in henries and 

FIG. 3 -When used for by-passing, a 
capacitor may have a low Q without 
materially affecting the by-pass action 

C the capacitance in farads. 
Unfortunately, we do not have 

inductance without some effective 
resistance. Likewise the capaci- 
tance also has effective resistance, 
due largely to losses in the dielec- 
tric, as previously mentioned. 

The current flowing in the circuit 
illustrated in Fig. 2 is 

E 1= 
Rz2+(wL - C) 

From the equation it may be seen 
that at the resonant point, when 

oL equals , the current is large 

if R. is small. However, the current 
is a lower value when the effective 
resistance is larger. It is evident, 
therefore, that high -Q capacitors, 
which have a negligible effective re- 
sistance, provide good selectivity 
while low -Q capacitors produce a 
broadly tuned circuit. In such se- 
lective circuits mica or air capaci- 
tors are of great value and are 
necessary to the best performance 
of the tuned network. Unless a con- 
tinuous adjustment of capacitance 
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is required, the mica capacitor is 
preferred because of its small size. 

In most cases the tuned networks 
are fixed at some particular fre- 
quency by factory adjustment and 
no provision is made for adjust- 
ment in service. Here it is obvi- 
ously desirable that the circuit re- 
main tuned at all temperatures en- 
countered and at all times through- 
out the normal life of the electronic 
equipment. The fact that well con- 
structed mica capacitors fulfill these 
requirements provides a strong ar- 
gument for their use in tuned 
circuits. 

High -Q capacitors are also re- 
quired for a number of transmitter 
applications in order to minimize 
power dissipation. A primary con- 
sideration here is the ability of the 
capacitor to carry radio -frequency 
current. These applications require 
high quality mica capacitors. It is 
for such usage that we must assure 
ourselves of an adequate supply of 
mica. 

By -Pass Capacitors 

A common use of the fixed capac- 
itor is to provide a by-pass for al- 
ternating current. A typical cir- 
cuit of this type is illustrated in 
Fig. 3. In this application, the di- 
rect current through the vacuum 
tube flows through the voltage - 
dropping resistance R. Capacitor 
C is used to provide a separate lane 
of lesser impedance for the a -c 
signal. 

In this application, the effective 
resistance of the capacitor is so 
masked by resistance R, which it 
shunts, that it is not an important 
factor. If we assume R to be 1,000 
ohms, C to be 0.006 µf and the fre- 
quency to be 1 megacycle, the im- 
pedance varies less than 0.1 per- 
cent when an alternative capacitor 
having a Q of 100 is used to replace 
a mica capacitor having a Q of 
2,000. This impedance change is 
unimportant since either the resis- 
tor or the capacitor may vary by 
5 percent or more. In fact, capaci- 
tors for by-pass purposes are sel- 
dom critical; tolerances of greater 
than 20 percent are often permis- 
sible. By-pass capacitors, therefore, 
may be of a low -Q design and a 
mica dielectric is not usually re- 
quired. 

In actual practice, mica capaci - 

FIG. 4-In audio -frequency amplifiers, 
both the coupling capacitor C, and 
the capacitor Co across the transformer 

primary may be low -Q types 

FIG. 5-Capacitors used across low im- 
pedance circuits, such as C,,, may have 
a fairly large dielectric loss without 
affecting operation of the circuit. Capaci- 
tors Co and C, are often low -Q types 

in current production 

FIG. 6-Detector and oscillator circuits 
with grid -leak bias arrangements are 
not materially affected by low -Q capac- 
itors when the leak resistance is small 
compared to the effective shunt resis- 

tance of the capacitor 

tors are frequently used in by-pass 
circuits, and since such capacitors 
are of larger values they therefore 
consume a large percentage of good 
mica. 

Other Applications for Low -Q 
Capacitors 

In the resistance -coupled audio 
amplifier illustrated in Fig. 4 the 

coupling capacitor C, need not have 
a high -Q value. Here, the effective 
resistance of the capacitor is 
masked by the resistance of the 
coupling network. 

In the audio amplifier of Fig. 4, 
capacitor C across the audio -trans- 
former primary serves to peak the 
frequency characteristic. In this 
circuit the effective resistance of 
the transformer winding completely 
masks the capacitor resistance, even 
when its Q is only 100. It is pos- 
sible to replace mica capacitors for 
this application by employing alter- 
native types which use other dielec- 
tric materials. 

Several capacitors used in the 
radio -frequency circuit of Fig. 5 

may be -low-Q types. The coupling 
capacitor C, and the filter capaci- 
tors C, have been replaced by paper 
types in equipments now being 
manufactured. Similarly the fila- 
ment bridging capacitors C are 
connected across the resistance of 
the tube filament and the dielectric 
loss is a relatively unimportant con- 
sideration of the design. 

In detector circuits, a commonly 
used device consists of a capacitor 
CR bridged by a grid -leak resistor 
connected in the grid circuit of the 
detector tube as illustrated in Fig. 
6. The capacitor serves to produce 
an audio voltage across resistor R. 
Since the resistor functions as a 
leakage path across the capacitor, 
the circuit operation is not af- 
fected by the Q of the capacitor 
provided the effective shunt resis- 
tance is high compared to R. 

Alternative Capacitors 

The possibilities of using low -Q 
capacitors in electronic equipment 
are many. Each such diversion 
serves to conserve good mica for 
essential applications. Capacitors 
which may be used as alternatives 
to the mica types are obtainable in 
molded and potted styles which are 
mechanically interchangeable with 
their mica prototypes. The photo- 
graph at the head of this article il- 
lustrates several types of mica ca- 
pacitors and the alternative ones 
made with certain other dielectric 
materials. The substitute capaci- 
tors may use oil -treated paper, glass 
titanates, manufactured bentonite 
film or other materials. Such ca - 

(Continued on page 212) 
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INVESTIGATION OF 

Magnetic Tape Recorders 
Performance characteristics and curves obtained for a particular application by a para- 

meter -elimination procedure are presented here as being typical of magnetic recorders 
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FIG. 1-Positions of pole pieces and approximate flux distribution in magnetic 
tape for two types of magnetic tape recording 

PROCESS of recording sound Frye HE 
on magnetic tape originated at 

the end of the last century. Since 
then considerable progress has been 
made both in the advancement of 
the art and in its application. 

The major objective in recording 

sound is usually a uniform response 
over as wide a frequency range as 
possible, with the highest output - 
to -noise ratio. Any variable factor 
contributing to that end is there- 
fore carefully investigated. 

. In the particular application coy - 

By M. C. SELBY 
National Bureau of Standards 

Washington, D. C. 

ered here, some fundamental fac- 
tors were fixed. These were the 
physical dimensions and magnetic 
properties of the tape and record- 
ing -reproducing heads and the tape 
velocity. The output level and har- 
monic distortion were to be deter- 
mined as a function of frequency, 
input level, pole displacement, po- 
larizing voltage, and obliterating 
voltage. 

The equipment consisted of a 
motor -driven, special steel -alloy 
continuous tape, two recording 
heads placed on opposite sides of 
the tape, and two obliterating heads. 
The object of the obliterating heads 
is to remove previous records and 
to restore the magnetic state of the 
tape for a new record. Either one 
or both recording heads could be 
used for reproducing and their rel- 
ative position with respect to each 
other could be varied along the tape. 

Single -lamination poles approxi- 
mately th inch thick and 2g inch 
wide were used with each head. 
The tape dimensions were approxi- 
mately 0.003 inch in thickness and 
l< inch in width. The tape was driven 
at a fixed speed of approximately 5 

feet per second, and the length of 
the tape was sufficient for a record 
of about one minute in duration. 
Two recorders were to be adapted 
for periodic automatic broadcasts 
of voice announcements. 

Magnetic Recording Methods 

The relative position of the two 
recording heads along the tape de- 
termines the method of recording. 
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When 'the poles are directly oppo- 
site each other, most of the mag- 
netic flux of the recorded audio 
frequencies is lined up in a plane 
perpendicular to the length of the 
tape; this is called perpendicular 
recording. When the two heads are 
displaced so that one of them is 
ahead of the other along the tape, 
most of the audio flux is lined up 
along the tape; this is called longi- 
tudinal recording. The two meth- 
ods are illustrated in Fig. 1. 

Major arguments encountered in 
literature in favor of one or the 
other method are given in Table L 
It seems apparent from the table 
that even with the tape thickness 
and tape velocity fixed, the choice 
of either method depends upon the 
actual performance of the compo- 
nents given. 

Determining Performance 
Characteristics 

In order to explore the level and 
quality of the output as a function 
of input into recording heads, fre- 
quency, recording -head displace- 
ment and polarizing voltage, one 
would have to obtain a number of 
curves equal to the product of the 
numbers of individual parameter - 
values chosen. If, for example, 10 

frequencies were chosen to cover a 

Rear view of a magnetic tape recorder 
and associated chassis, showing air- 
cooled motor used to drive the endless 

magnetic tape 

Magnetic tape recorder designed in ac- 
cordance with results of the investiga- 
tions described in this article. Two 
identical units are mounted one above 
the other on the rack for continuous 

recording 

band of 100 to 6000 cycles for five 
displacements of the recording 
heads and for five values of polar- 
izing voltage, it seemed necessary 
to record and make measurements 
for a number of points sufficient to 
plot 250 curves. If, in addition, in- 
termediary values of parameters, 
effect of obliterating voltage, and 
the use of single or double repro- 
ducing heads were to be explored 
the task appeared quite formidable, 
at least from a time-consuming 
standpoint. After a vain attempt to 
get satisfactory results by cut and 

trial, a procedure of wide -range ac- 
celerated observations was adopted. 

Relative Importance of Parameters 

The first step was to determine 
the relative effectiveness of the 
parameters. Records were made at 
three frequencies, at the low, mid- 
dle, and high end of the spectrum. 
The voltage input level into the re- 
cording head was varied over a 
wide range in relatively large steps 
and the output was examined on 
the screen of a cathode-ray oscil- 
loscope. The order of magnitude of 
the input required for undistorted 
output at various frequencies was 
thus noted. 

A few records at individual 
widely -separated frequencies, each 
at an input level indicated in the 
above tests, were made at three 
relative positions of the recording 
heads along the tape. It was no- 
ticed again by inspection that the 
high -frequency end was consider- 
ably attenuated with increasing dis- 
tance between the recording heads. 
One could not regain the output at 
a wider head separation by increas- 
ing the input further. The level of 
the polarizing voltage was varied 
while recording widely separated 
frequences and the output was ob- 
served on the oscilloscope. These 
preliminary tests indicated that the 
input level was the major factor, 
recording head displacement second, 
and polarizing voltage the third in 
order of importance. 

Elimination of Parameters 

The second step was to eliminate 
parameters or reduce their range to 

TABLE I.-RELATIVE MERITS OF MAGNETIC RECORDING METHODS 

PERPENDICULAR METHOD LONGITUDINAL METHOD 

Demagnetization (i.e., inherent tendency of Greater magnetization is usually possible as a 

small magnets to demagnetize) is constant for result of the drawing process used In manu - 
t., all frequencies. facturing the tape. 

I.- Decrease in efficiency (i.e., audio output per Distortion introduced by leakage flux can be 

Z 
unit input) can be offset by better design of pole reduced by proportioning pole displacement 
pieces and more suitable recording medium. and polarizing voltage, and by reducing signal 

C amplitude. 
Q Operation at lower speeds, with consequent 

lower background noise, is possible. 
Use of thicker and stronger tape is possible. 

úFlux spreads beyond the limits of the recorded Leakage flux has a direction opposite to that 

< signal. This introduces distortion increasing of the main Flux. Part of it tends to introduce 

iwith tape thickness. distortion. 

ceEfficiency (as defined above) is lower. Demagnetization is proportional to frequency. 
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relatively narrow limits. The first 
parameter to be closely scrutinized 
was the least effective of them, 
namely the polarizing voltage. Ob- 
servations at widely separated fre- 
quencies showed that the effect of 
this voltage was more noticeable at 
the low -frequency end and that 
within the limits of a two -to -one 
variation in voltage it was not crit- 
ical. Outside of these limits, the 
polarizing voltage caused higher 
distortion. This voltage was there- 
fore fixed at a value approximately 
half -way between these two limits. 

When preliminary tests were 
made with recording head displace- 
ment, it was observed that the back- 
ground noise level increased with 
displacement. Continuous -frequency 
spectrum sweeps were recorded at 
zero and maximum displacements, 
with the same input in each case. 
The input voltage versus frequency 
had a generally rising character- 
istic in accordance with first obser- 
vations. The output was noted at 
the extreme frequencies and at its 
maximum. At zero displacement the 
peak of the output occurred approx- 
imately at 2000 cycles, while at a 
displacement equal to four times 
the pole thickness the peak shifted 
approximately to 400 cycles per 
second. The noise level increased 6 
db and the change in its frequency 
spectrum was in itself unfavorable. 

In order to fix the second param- 
eter, namely, the displacement of 
the recording heads, one had to con- 
sider the specific application of the 
equipment. A high output -to -noise 
ratio was of prime importance. 
Fidelity could be overlooked as long 
as intelligibility was not sacrificed. 
Hence perpendicular recording was 
chosen as the superior of the two 
methods in this particular case. 

Input and Output Levels 

The third step was to fix the op- 
timum input level into the record- 
ing head for minimum distortion. 
This was to determine the final out- 
put characteristics and the equaliz- 
ing networks in input and output 
circuits. A family of output versus 
input curves, shown in Fig. 2, was 
obtained with frequency as a pa- 
rameter. The points of maximum 
undistorted output were established 
by observation and by listening and 
a final curve of input versus fre- 
quency was plotted, as in Fig. 3. 
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FIG. 3-Performance curves for a magnetic tape recorder 

Output was found to decrease 
greatly with increasing frequency. 
Input at all frequencies up to 3000 
cps had to be kept below a certain 
maximum for minimum distortion. 
At higher frequencies, although dis- 
tortion decreased, the input was 
limited primarily by the additional 
output realized per unit input. In 
this case the little gain in output at 
inputs above 4 volts hardly justified 
the higher voltage amplification re- 
quired with a resultant higher back- 
ground noise. 

Figure 3 shows also the actual 
output voltage of the reproducing 
head corresponding to the final in- 
put levels, and the ratio of the out- 
put at each frequency to the total 
noise level. Since this ratio is given 
in decibels, it also represents the 
relative frequency response of the 
output. The noise spectrum did not 
seem to be concentrated in a limited 
band, so that an attempt to increase 
the effective ratio by attenuating 
a particular band was unsuccessful. 

(Continued on page 302) 
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THE EXPANSION in high -fre- 
quency applications incident to 

the development of radio and ultra- 
high -frequency devices has led to 
an increasing demand for improved 
electrical insulation. Added to nor- 
mally expanded requirements, the 
heavy demands of the Armed Serv- 
ices have made it necessary that 
the production of high -frequency 
insulation be greatly increased. 
These demands have been met to a 
considerable extent by expansion of 
existing production facilities, as 
typified in the case of ceramic in- 
sulation by a much greater output 
of steatite for radio and other high - 
frequency uses. 

During the early part of the 
present emergency, substitutes also 
came into use. For example, stea- 
tite has been successfully replaced 
by more conventional types of por- 
celain in those components of high - 
frequency equipment not actually 
subjected to high -frequency volt- 
ages. Moreover, other materials are 
meeting the requirements, such as 
glass -mica products, low -loss glasses 
and special zircon porcelains. Also 
of interest are ceramic dielectrics 
for capacitor usage, such as the 
high dielectric constant (K = 15 to 
110) bodies which in most cases 
consist essentially of titania (TiO,) 
in the crystal form of rutile', and 
the still higher dielectric constant 
(K - 1000 to 10,000) ' titanate 
bodies more recently developed'. 

Low Loss 

Organic types of insulation are 
also being used for many high -fre- 
quency applications where the prop- 
erties of a ceramic are not re- 
quired, but where the particular 
merits of the organic insulation 
make its use favorable. Polysty- 
rene, for example, has extremely 
low -loss properties which can only 
be approached by ceramics such as 
fused quartz, ultra -steatite, and 
special zircon porcelains. Among 
other organics for high -frequency 
usage are polyethylene, polyiso- 
butylene, polyvinyl carbazole and 
various copolymers and mixtures 
of these with fillers. 

In view of the great current need 
for high -frequency ceramic insula- 
tion and the probable future usage 
in all types of electronic equipment, 
an investigation was made of var- 
ious types of ceramic bodies for 
such applications, considering both 
the manufacturing problems and 
the ultimate properties. This in- 
cluded development of a type of 
ceramic which shall be identified 
herein as "zircon porcelain". 

Requirements of High -Frequency 
Ceramics 

A recent War Standard' issued by 
The American Standards Associa- 
tion in cooperation with industry 
and the Government Services was 
devised primarily to classify vari- 
ous grades of steatite. This stand- 
ard is, however, broad enough in its 

By R. RUSSELL, Jr. 
and 

L. J. BERBERICH 
Westinghouse Research Laboratories 

East Pittsburgh, Pa. 

FIG. 1-Dissipation factor of various 
bodies versus frequency at 25 deg C 

essential details to include other 
ceramic materials. The above -men- 
tioned standard and counterpart 
methods referred to in "Standard 
Methods of Testing Electrical Por- 
celain"` were conveniently used in 
all studies of materials herein dis- 
cussed. The standard specification 
which was of greatest use deals 
with the loss factor. The various 
grades of material, determined 
after water immersion at a fre- 
quency of 1.0 Mc, are as follows : 

Grade Loss Factor 
L-1 0.150 
L-2 0.070 
L-3 0.035 
L-4 0.016 
L-5 0.008 
L-6 0.004 

It is pertinent that the ASA 
Standard' for "Steatite Radio In- 
sulators" specifies "Where a defin- 
ite grade of steatite is not specified, 
Grade L-3 or better shall be fur- 
nished". Thus our interest lies in 
four grades, although regular high- 
tension porcelain which has been 
used successfully in the low -fre- 
quency components of high -fre- 
quency devices is frequently Grade 
L-2. 

Manufacturing Considerations 

Steatite compositions consist es- 
sentially of the mineral talc (3 Mg0 
4 SiO, H,0) or one of its related 
minerals, to which have been added 
lesser amounts of clay and fluxes. 
The usual flux is an alkaline alum- 
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CERAMICS 
Zircon porcelains widely used as insulation where ability to withstand heat -shock is im- 

portant, such as in spark -plugs, have been developed for high -frequency use. Properties 

of such porcelains and of steatites, ultra -steatites, high-tension porcelain and transpar- 

ent fused quartz are given. Test methods are described 

inum silicate such as feldspar or 
lepidolite. For the better grades, 
the alkaline minerals are replaced 
by alkaline earth fluxes, such as 
calcium and barium compounds. 
Other special fluxes have also been 
used successfully. 

Molding may be done using spe- 
cial techniques by any of the con- 
ventional ceramic methods, which 
include pressure forming in steel 
molds (dry or wet pressing), plas- 
tic extrusion, or slip casting. In 
the dry -press process the molding 
of steatite has an advantage over 
many other ceramics in that the 
mineral talc is comparatively soft, 
and is also somewhat self-lubricat- 
ing because of its fibrous and foli- 
ated nature. Thus die wear is re- 
duced to a minimum. This inherent 
softness also makes the material 
particularly amenable to drilling 
and tapping in the dried state. 
In forming by plastic extrusion or 
by slip casting, steatite is more 
difficult to handle than most por- 
celain bodies because of its low clay 
content and the nature of finely 
ground talc. Auxiliary plasticizers 
and bonds and special techniques 
are thus required. 

Steatite is usually fired to a py- 
rometric cone equivalent of cone 11 

to cone 14 (about 1300 to 1400 deg 
C), thus transforming the raw mix- 
ture into a porcelain having the 
requisite high -frequency charac- 
teristics. The fired material is es- 
sentially a mass of crystals of mag- 
nesium silicate (Mg0 SiO2) in the 
form of clinoenstatite° or one of its 
polymorphous forms. The magne- 
sium silicates are bonded together 
with an alkaline or alkaline earth 
glass in most cases, and cristobalite 
crystals (SiO,) may be present as 
a result of the thermal dissociation 

of the talc' or clay' used as raw 
materials. 

The material has a comparatively 
short firing range° for the develop- 
ment of complete vitrification (zero 
porosity), and this may vary from 
10 to 20 deg C for ultra -low loss 
types to possibly 30 to 40 deg C for 
ordinary types. By comparison, many 
porcelains have firing ranges of 50 
to 90 deg C. The temperature range 
for steatite firing is limited be- 
tween a state of porosity due to un- 
derfiring and distortion or vesicular 
development as a result of overfir- 
ing. Thus very close temperature 
control is necessary in firing. 

Zircon porcelains for applications 
where heat shock and other special 
properties are important, as for ex- 
ample spark -plug insulators, have 
been known for many years. Such 
porcelains did not, however, re- 
ceive much consideration for high - 
frequency use until the develop- 
ment work of The Titanium Alloy 
& Mf g. Co. was first reported in 
1942.1Ó 

Low -loss zircon porcelain compo- 

sitions c on t a in predominant 
amounts of the mineral zircon 
(ZrO. Si02) to which have been 
added lesser amounts of clay and 
fluxes of the alkaline earth and 
magnesium types, as well as other 
special fluxes as required. 

Such compositions may be proc- 
essed by any of the methods used 
for high-tension electrical porce- 
lain. Pressure forming in steel dies 
is signally successful. Although the 
dry press method can be used satis- 
factorily, it has been found expedi- 
ent to use a wet processing method 
known as "Prestite" forming, by 
which uniform density is developed 
in an evacuated steel die. The wet 
processing method has a further 
advantage that excessive die wear, 
which might be expected from 
abrasive zircon, is reduced to a 
practical minimum. Moreover, it is 
significant that compositions have 
been developed which have total 
shrinkages identical with high- 
tension Prestite porcelain. Thus a 
great saving in die cost and time 
has been realized. 

TABLE I. MECHANICAL AND PHYSICAL PROPERTIES OF SIX CERAMICS 

High- Clear 
Zircon Zircon Ultra- Tension Fused 

Porcelain Porcelain Steatite Steatite Porcelain Quartz 
(Z-1) (Z-2) (S-1) (S-2) (P-1) (F-1) 

Specific gravity 3.68 3.76 2.6 2.7 2.4 2.2 
Water Absorption, in % 0.00 0.00 0.0 to 0.6 0.0 to 0.2 0.00 0.00 
Dye Penetration None None In some In some None None 

cases cases 

1000 1100 1000 1000 1000 1000 Resistance to Heat (Con- 
stent Use), in deg. C. 

Linear Coeff. of Thermal 4.9 x 10 -a 3.68 z 10 4 9.1 x 10-a 8.8 x 10.a 5.3 x 10.s 0.5 x 10 -' 
Expansion (20 to 700 
deg. C), per deg. C 

Heaé Shock 
Tensile Strength, lb, per 

sq. in. 
Compressive Strength, lb. 

per sq. in. 
Transverse Strength, Ib. 

per sq. in. 
Impact Resistance (modi- 

fied Charpy method) in 
9m per sq. cm 

Passed Passed Failed Failed 
12,700 8,000 7,500 5,000 

90,000 76,000 70,000 48,000 

25,000 20,000 17,000. 11,000 

17,800 17,400 6,000 
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FIG. 2-Dielectric constant of various bodies versus frequency at 25 deg C 

Zircon porcelains are also pro- 
duced successfully by the plastic 
process, using standard equipment, 
thus further adding to the flexibil- 
ity of manufacture, particularly 
when it must be accomplished with 
existing industrial facilities. The 
slip casting method may also be 
adapted as required, but would 
seem to have fewer applicatio^s. 

Depending upon composition, the 
low -loss zircon porcelains may re- 
quire temperatures of 1250 to 1450 
deg C (cone 9 to cone 16) for vitri- 
fication, and bodies have been de- 
veloped which will fire in the same 
kilns with high-tension porcelain 
at about 1300 deg C (cone 11 to 
12). It is particularly noteworthy 
that the compositions have firing 
ranges of over 50 deg C (2 to 3 
cones) in most cases. They are also 
characterized by extreme density 
over the entire firing range, which 
means that the probability of por- 
ous ware or firing losses is remote. 
In the final analysis this would 
normally insure uniformity of 
quality. 

Mechanical and Physical Properties 

The six materials tested and re- 
ferred to in subsequent discussion 
are as follows: 

S -1-A commercial steatite rep- 
resenting an average grade. 

S -2-A commercial low -loss or 
ultra -steatite. 

Z -1-A commercial low -loss zir- 
con porcelain representing an aver- 
age grade. 

Z -2-A low -loss zircon porcelain 
having somewhat improved prop- 
erties over Z-1. 

P -1-A commercial high-tension 
electrical porcelain typical of that 
used for high -voltage, 60 -cycle ap- 
plications. 

F-1-Transparent fused quartz. 
As regards mechanical and phys- 

ical properties, it was not possible 
to make actual tests in all cases due 
to the impracticability of obtaining 
complete sets of test specimens. 
Thus, some data are necessarily pre- 
sented on the basis of information 
reported by different manufactur- 
ers. In the case of all electrical 
properties, except dielectric 
strength, it was possible to obtain 
specimens and conduct complete 
tests. 

Table I is a compilation of the 
available mechanical and physical 
properties. It was found that the 
zircon porcelains are 37 to 42 per- 
cent heavier than steatites. How- 
ever, even for most aircraft appli- 
cations the higher specific gravity 
of the material would not militate 
against its use, since the total 
weight of ceramic insulation is but 
a small part of the weight of the 
equipment involved. 

The zircon porcelains, because of 
their extremely dense character, 
have zero absorption and are imper- 
vious as tested in high-pressure 
dye solutions. Of four steatites 
tested, two were vitreous- or dense 
enough to be classified as imper- 
vious, although both showed in- 

creases in water absorption after 
removal of the surface skins. No 
such skin effects occur with the 
uniformly dense zircon porcelains. 

Low -loss zircon porcelains have 
excellent thermal properties. Sev- 
eral factors, including thermal con- 
ductivity, elasticity, thermal expan- 
sion and inherent strength, contrib- 
ute to the ability of a ceramic to 
withstand heat shock. Only the lat- 
ter two factors can be evaluated at 
present, although an actual heat 
shock test was conducted to permit 
study of the materials as affected 
by all contributing factors. 

Type Z-1 successfully passed the 
ASA standard heat shock test' for 
Class L ceramic radio insulating 
materials. This test involves twenty 
cycles of quench from boiling water 
to ice water (100 deg C to 0 deg C) . 
The specimens thus tested were 
quenched from successively higher 
temperatures of 150, 200 and 250 
deg C into ice water. The first 
cracks appeared during the 200 - 
deg C quenching, but these were of 
less magnitude than the cracks in 
steatite quenched in the standard 
manner from 100 deg C. Moreover, 
the transverse strength of the zir- 
con porcelain specimens was low- 
ered only 30 percent by quenching 
at 200 deg C. Preliminary tests in- 
dicate that zircon porcelains hav- 
ing heat shock properties even bet- 
ter than those for Z-1 are probable. 

The coefficient of thermal expan- 
sion of steatite is approximately 80 
to 140 percent higher than that of 
various zircon porcelains. The lat- 
ter are entirely free from crystal- 
line inversion effects and thus have 
essentially uniform expansions over 
the entire useful range of temper- 
ature. Steatite, on the other hand, 
may have an irregularity in its ex- 
pansion due to the presence of cris- 
tobalite crystals. This irregularity 
is due to an inversion from alpha to 
the beta crystalline form in the 
range from 200 to 300 deg C, ac- 
companied by a volume change of 
2.8 percent which is known to be 
detrimental to thermal shock prop- 
erties. 

The transverse, tensile and com 
pressive strengths of Z-1 were mod- 
erately higher than the reported 
values for steatite, and a compara- 
tive impact test between S-1 and 
Z-1 indicated a slight superiority 
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for Z-1. Additional development 
and testing may very well lead to 
compositions considerably stronger 
than Z-1, which is the only zircon 
porcelain thus far tested mechan- 
ically. 

Electrical Properties 

The following electrical prop- 
erties were determined for the six 
samples previously enumerated : 

(1) dissipation factor or tan S as a 
function of frequency at 25 deg C, 

(2) dielectric constant as a func- 
tion of frequency at 25 deg C, 
(3) dissipation factor .at 100 kc as 
a function of temperature, (4) di- 
electric constant at 100 kc as a 
function of temperature, (5) d -c 
resistivity as a function of temper- 
ature, and (6) dielectric strength 
at 60 cps. The dissipation factor 
of all samples was determined at 
one megacycle, both dry and after 
water immersion, using two types 
of electrodes. The two types of 
electrodes will be discussed in a 
subsequent section. 

The absolute values of the dis- 
sipation factor or tan S are given 
in all cases. If the loss factor is 
desired, it is obtained by multiply- 
ing the dissipation factor by the 
dielectric constant. Since for small 
angles the tangent and the sine are 
approximately equal, the dissipation 
factor and power factor may be con- 
sidered to be identical for values of 
either up to 0.10. 

The measurements from 100 cps 
to 100 kc were made with a General 
Radio type 716-AS1 bridge. Those 
from 1 Mc. to 50 Mc. were made 
with a General Radio susceptance 
variation circuit, type P-513. Those 
in the neighborhood of 200 Mc were 
made with a reentrant cavity reso- 
nator. The electrodes used in all 
cases, except as noted, were fired -on 
silver which insured intimate con- 
tact with the samples. 

The dissipation factor for the 
various bodies as influenced by fre- 
quency in the range from 100 cps 
to 200 Mc is given in Fig. 1. Con- 
sidering this entire frequency 
range, the high-tension porcelain 
P-1 has, in general, the highest dis- 
sipation factor and fused quartz 
F-1 the lowest. This is to be ex- 
pected since the former contains a 
considerable amount of alkali metals 
while the latter contains none. The 
values for the zircon porcelains and 
the steatites lie in between those 
for high-tension porcelain and 
fused quartz, at least in the higher - 
frequency range. At the lower fre- 
quencies Z-1 shows a higher dis- 
sipation factor than Z-2. The rise 
in dissipation factor at low fre- 
quencies for both samples may be 
attributable to the presence of al- 
kaline earth fluxes. 

From Fig. 1 it is seen that the 
Z-1 porcelain approaches the dis- 
sipation factor of fused quartz 
(about 0.0005) at 10 Mc while the 
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FIG. 3-Dissipation factor at 100 kc of various bodies versus 
temperature 

Z-2 porcelain approaches the fused 
quartz value at 100 kc. Fused quartz 
has such a low dissipation factor 
that it could not be --determined 
very accurately. Our measurements, 
however, show that the dissipation 
factor for fused quartz is -definitely 
less than 0.0005 over the whole 
frequency range. In Fig. 1 all val- 
ues for fused quartz are plotted as 
0.0005. All points are not shown 
at the high -frequency end of the 
plot because four of the curves all 
approach a 0.0005 dissipation factor 
and introduction of all points 
would only result in confusion. Fig- 
ure 1 also shows that the high -fre- 
quency dissipation factors of both 
zircon porcelains are comparable to 
that of the ultra -steatite sample S-2. 

Figure 2 gives the dielectric con- 
stants of the same series of mate- 
rials as a function of frequency. 
The zircon porcelains have higher 
dielectric constants over the whole 
range of frequency than do the 
steatites. This is to be expected 
since the related zirconium dioxide 
has a dielectric constant of 18. All 
dielectric constants decrease some- 
what with increase in frequency, 
which is a normal behavior. The 
higher dielectric constant at the 
lower frequencies is attributed to 
the oscillation of ions which con- 
tribute less and less to the dielec- 
tric constant as the frequency in- 
creases, because fewer and fewer of 
them can follow the field with in - 

100 200 300 400 500 600 
Temperature (deg C.) 

FIG. 4-Dielectric constant at 100 kc of various bodies versus 
temperature 
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crease in frequency. The higher 
dissipation factors observed at the 
low frequencies and shown in Fig. 1 

are also attributed to the same 
mechanism, for oscillating ions can 
also contribute to the dissipation 
factor. 

Figure 3 gives the dissipation 
factors measured at 100 kc as influ- 
enced by temperatures up to 600 
deg C for the various materials. In 
the case of these measurements, 
the electrodes of fired -on silver 
were backed by solid cylinders of 
silver. The leads into the oven were 
also made of silver; insulated by 
means of fused quartz tubing. The 
substitution procedure was used in 
all of these measurements. The 
first measurement was made with 
the ungrounded backing electrode 
in contact with the silver coating on 
the sample, and the second measure- 
ment with the backing electrode 
raised about one inch from the sam- 
ple. This procedure eliminated the 
lead capacitance and capacitance of 
the ungrounded backing electrode 
to the oven. Silver was the only con- 
veniently obtainable metal which 
withstood the high temperatures in- 
volved without forming an annoy- 
ing oxide film on its surface. 

Examination of Fig. 3 shows that 
the high-tension porcelain sam- 
ple P-1 has a rapid rise in dissipa- 
tion factor after 100 deg C is 
reached. The fused quartz sample 
F-1 and the ultra -steatite sample 
S-2, on the other hand, do not show 
a rapid rise until about 400 deg C. 
The zircon porcelains and the av- 
erage grade of steatite show rises 
in dissipation factor in the inter- 
mediate temperature region. This 
indicates that the zircon porcelains 
in the present state of development 
are not as satisfactory for use as 
ultra -steatite where temperatures 
considerably over 200 deg C are in- 
volved. However, development is be - 

TABLE II. DIELECTRIC STRENGTH AT 
60 CPS 

Sample 

Z-1 
Z-2 
S-1 

S-2 
P-1 

F-1 

Thickness Dielectric Strength 
(Inches) (Volts per Mil) 
0.125 
0.125 
0.25 
0.25 
0.25 

280 
300 
230 
240 
300 
410 

ing continued and the possibility 
of obtaining a zircon composition 
with better high temperature be- 
havior is promising. 

Figure 4 gives the dielectric con- 
stant variations with temperature 
as determined at 100 kc for the var- 
ious bodies. Here again the high- 
tension porcelain P-1 shows consid- 
erable rise with temperature 
whereas fused quartz F-1 and the 
ultra -steatite S-2 show only a small 
rise with temperature. The zircon 
porcelains and the average grade 
steatite are intermediate. The rise 
in both dielectric constant and dis- 
sipation factor with temperature is 
believed to be caused by the pres- 
ence of certain ions which can oscil- 
late more and more freely as the 
structure of the material loosens 
up as a result of the expansion ac- 
companying the temperature rise. 
It is known that certain alkali metal 
ions, particularly sodium, can cause 
this type of behavior. However, the 
type of ion present is not the only 
factor, for the structure of the ma- 
terial also plays an important role. 

The influence of temperature on 
the resistivity of the various bodies 
is shown in Fig. 5. The high-ten- 
sion porcelain P-1 has the lowest 
resistivity over the whole range of 
temperature as expected. However, 
zircon porcelains Z-1 and Z-2, as 
well as the ultra -steatite S-2, have 
higher resistivities above 500 deg C 
than fused quartz F-1. This is a 
somewhat unexpected result and 
indicates that these materials 

TABLE III. EFFECT Or PETROLATUM FILM ON DISSIPATION FACTOR AND 
DIELECTRIC CONSTANT' 

(1) (2) (3) 
Dielectric 
Constant 

of Sample tan d, tan d: 

(4) (5) (6) (7) 

C, C, Cm 
tand... µµf µµf µpf 

5 0.0001 0.001 0.00099 3100 28.4 28.1 
10 0.0001 0.001 0.00098 3100 56.8 55.9 

100 0.0001 0.001 0.00086 3100 568.0 494.0 
1000 0.0001 0.001 0.00042 3100 5680.0 2010.0 

Sample thickness of 0.125 in. and petrolatum 
assumed 

film thickness of 0.0005 in. are 

shoula tiiid application at high tem- 
peratures in those cases where di- 
rect voltages are involved. All of 
the resistivities above approxi- 
mately 100 megohm-cm were deter- 
mined with a General Radio type 
544-B megohm bridge which ap- 
plied 500 volts to the samples. The 
lower values of resistivity were 
measured with an RCA Junior 
Voltohmist which applied only a 
few volts to the samples. 

The dielectric strength tests 
were made at 60 cps according to 
the ASTM method` except that á - 
inch thick disks were used in some 
cases. The results for the six ma- 
terials are given in Table II. The 
values listed are not strictly com- 
parable because of differences in 
thickness of test specimens. 

Electrical Test Methods 

It is evident from the foregoing 
that in order to completely evaluate 
dielectric materials it is necessary 
to determine the electrical proper- 
ties over wide ranges of frequency 
and temperature. In order to cover 
the frequency range from 100 cps 
to 200 Mc, it was necessary to use 
three different sets of equipment 
which have already been identified. 
No serious difficulty is encountered 
at frequencies up to 1 Mc. However, 
at 1 Mc and higher frequencies, 
extreme care must be exercised. 
The essential procedures for oper- 
ating such equipment are described 
in the ASTM methods.' 

In order to properly classify a 
material according to the ASA 
Standards,' it is necessary to meas- 
ure dissipation factors as low as 
0.0003 with reasonable accuracy. 
Aside from any errors caused by the 
measuring equipment itself, the fol- 
lowing important factors may af- 
fect the accuracy to a considerable 
degree: (1) condition of sample, 
(2) the type of electrodes applied 
to the sample, and (3) humidity or 
moisture conditions. 

Condition of Sample 

In all dielectric measurements at 
frequencies much above one mega- 
cycle, it is essential to use a sample 
holder fitted with a micrometer 
screw. A substitution method is 
usually used in which the first op- 
eration consists of adjusting the 
circuit to resonance with the sample 
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in place. The sample is then re- 
moved, and the second operation 
consists of turning in the microm- 
eter of the sample holder until 
resonance is restored. This pro- 
cedure eliminates to a large extent 
the effect of inductance and resist- 
ance of leads. The sample holder 
itself is fitted with two heavy metal 
plates (two inches in diameter in 
our case) between which the sam- 
ple is clamped. These plates are as 
near plane and parallel as it is pos- 
sible to machine them. 

All of the precision adjustments 
of the sample holder, however, can 
be nullified when used with a poor 
sample. It is quite common to re- 
ceive ceramic samples which are 
either somewhat warped or wedge- 
shaped. Obviously, the use of such 
a sample can bring about large er- 
rors, particularly in the dielectric 
constant. Therefore, all warped or 
wedge-shaped samples should be 
lapped until the surfaces are plane 
and until the two faces are parallel 
to within one percent of the thick- 
ness of the sample. 

Sample Electrodes 

Since the surfaces of the sample 
cannot always be made absolutely 
plane and parallel, it is highly im- 
portant that the sample be fitted 
with intimately contacting elec- 
trodes. A high -conductivity metal 
is desirable because the electrodes 
on the sample may contact the sam- 
ple holder at only a few points. 
Lead -foil electrodes applied with a 
thin film of petrolatum are usually 
recommended. Such electrodes, 
however, can lead to errors, particu- 
larly when used with the higher di- 
electric constant materials. In this 
case the petrolatum films are elec- 
trically in series with the sample 
under test. The measured dissipa- 
tion factor and dielectric constant 
are those for the combination of the 
petrolatum films in series with the 
sample. That this type of electrode 
can lead to erroneous results can be 
shown by a relatively simple an- 
alysis. 

When the thickness of the petro- 
latum film is known; its effect on 
both dissipation factor and dielec- 
tric constant can be calculated by 
means of the following expressions: 

Cp tan 5 + C. tan 5p 
tan Sm - (1) C. 

Cp C 
C" - 

Cp -{- C: 
(2) 

where tan 5,,, = measured dissipation factor 
tan 5. = true dissipation factor of 

sample 
tan 5, = dissipation factor of petro- 

latum film 
C,,, = measured capacitance 
Cs = true capacitance of sample 
C, = capacitance of petrolatum 

film. 

Equations (1) and (2) express 
the dissipation factor and capaci- 
tance, respectively, for the com- 
bination of the sample and petrola- 
tum film when the two are in series. 
The discrepancy between the true 
and measured dissipation factor 
and capacitance increases with the 
thickness of the petrolatum film 
and with the dielectric constant 
of the body under test. 

In order to obtain some idea of 
the magnitude of the errors in- 

volved, let us assume that the sum 
of the thicknesses of the two petro- 
latum films is 0.0005 in., which ap- 
proximates actual film thicknesses 
encountered. Approximate values 
of the dissipation factor and dielec- 
tric constant of petrolatum are as- 
sumed to be 0.0001 and 2.2, respec- 
tively. It is assumed further that 
the sample under consideration is 
4 inch thick and 2 inches in diam- 
eter and that its true dissipation 
factor is 0.001. With these assump- 
tions Eq. (1) and (2) can be used 
to determine the measured values 
of dissipation factor and capaci- 
tance of the sample as a function 
of the dielectric constant of the 
body. The results of such calcula- 
tions are given in Table III. 

The difference between the true 
values of the dissipation factor or 
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TABLE IV. 
CERAMICS 

DISSIPATION FACTORS OF 
SILVER vs FOIL ELEC- 
TRODES 

Low Temp. Silver 
Lead Foil Dupont #4132 

After After 
Water Water 

Body Dry immersion Dry Immersion 

Z-1 0.0012 0.0012 0.0011 0.0011 
Z-2 0.0006 0.0006 0.0006 0.0006 
S-1 0.0035 0.0043 0.0040 0.0050 
S-2 0.0006 0.0058 0.0007 0.0026 
P-1 0.0088 0.0089 0.0088 0.0088 
F-1 0.0003 0.0003 0.0003 0.0003 

tan âr and the measured values or 
tan am for the samples having di- 
electric constants varying from 5 

to 1000 are obtained by comparing 
the values in column (3) with those 
in column (4). For a sample hav- 
ing a dielectric constant of 5 the 
measured value of the dissipation 
factor is 99 percent of the true dis- 
sipation factor. However, when the 
dielectric constant of the sample is 
1000 the measured value of the 
dissipation factor is only 42 per- 
cent of the true dissipation factor. 

Similarly, the differences between 
the true capacitances and the meas- 
ured values of capacitance are ob- 
tained by comparing columns (6) 
and (7.) When the dielectric con- 
stant of the sample is 5 the meas- 
ured value is 99 percent of the true 
capacitance, and when the dielectric 
constant of the sample is 1000, the 
measured value is only 36 percent 
of the true capacitance. 

Thus it is seen that large errors 
are possible when foil electrodes are 
used on samples having dielectric 
constants much greater than 10. 
For most purposes, however, the 
error for samples having dielectric 
constants below 10 is not large 
enough to justify elimination of the 
use of foil electrodes. For composi- 
tions having dielectric constants of 
about 10, both the measured dis- 
sipation factor and the capacitance 
are approximately 98 percent of 
the true values. 

All of these calculations are 
based on the assumption that the 
sample is 3- inch thick. Some of 
the zircon porcelain samples tested, 
however, were 1 inch thick and had 
dielectric constants of about 10. 
For this combination, the meas- 
ured dissipation factor and capaci- 
tance are about 99 percent of the 
true values. 

Some comparative tests were 
made at one megacycle and room 
temperature which to some extent 
bear out the calculated results of 
Table III. In this comparison, 
lead -foil electrodes applied with 
petrolatum were used on the six 
bodies in one case, and in the sec- 
ond case, a fired -on silver electrode 
was substituted for the foil. The 
results for dissipation factor are 
given in Table IV and those for 
dielectric constant in Table V. 
These tabulations give values for 
dry samples, as well as for the 
same samples after immersion in 
water. The effects of moisture are 
discussed in the next section and 
only the values for the dry samples 
will be considered here. 

Examination of Tables IV and V 
show that the dissipation factor 
and dielectric constant values are 
generally lower with foil electrodes 
than with the intimately contact- 
ing silver electrodes. The differ- 
ences are of the order of magnitude 
predicted by the foregoing anal- 
ysis. While foil electrodes do not 
result in any serious errors for the 
particular materials selected in this 
work, they can, however, result in 
large errors for the high dielectric 
constant titania and titanate bodies 
previously mentioned. Foil elec- 
trodes also are completely unsuit- 
able for high -temperature measure- 
ments because the foil melts at 
relatively low temperatures, and 
gas bubbles form in the petrolatum 
at still lower temperatures. The 
latter can result in even larger 
errors than are caused by the pres- 
ence of the petrolatum film. Thus, 
it is indicated that fired -on silver 
electrodes have definite advantages 
over foil electrodes which have been 
commonly used. 

Effects of Moisture and Humidity 

Moisture and exposure to high - 
humidity atmospheres usually re- 
sult in an appreciable increase in 
dissipation factor only when the 
sample is porous. Any porosity 
exceeding what corresponds to a 
water absorption of 0.01 per cent 
may result in an increase in dissi- 
pation factor. Several standardiz- 
ing groups specify that the elec- 
trical properties be determined 
after a number of days of immer- 
sion in water. It does not appear 

TABLE V. DIELECTRIC CONSTANTS OF 
CERAMICS - SILVER vs FOIL ELEC- 

TRODES 

Lead Foil 
Low Temp. Silver 
Dupont #4132 

After 
Water 

After 
Water 

Body Dry Immersion Dry Immersion 

Z-1 9.1 9.1 9.3 9.3 
Z-2 8.9 8.9 9.2 9.2 
S-1 5.8 5.8 6.0 6.0 
S-2 5.8 5.9 5.9 6.0 
P-1 5.7 5.8 6.0 6.0 
F-1 4.0 4.0 4.1 4.1 

to be generally realized that the 
only purpose the tests after water 
immersion serve is to indicate the 
presence of volume or surface por- 
osity. The dissipation factor of a 
truly vitreous or non -porous sam- 
ple does not increase after im- 
mersion in water. 

There are a number of objec- 
tions to the test after water im- 
mersion as now specified. Chief 
among these is that it requires 
several days before results become 
available. For this reason alone it 
cannot be used as a production con- 
trol test. Another important 
objection to the test is that it does 
not provide any more information 
than can be obtained by dye pene- 
tration or an absorption test, 
which provide a simple means for 
indicating porosity in a short time. 
Thus, it appears that some consid- 
eration should be given to the sub- 
stitution of a dye penetration or a 
vacuum absorption test for the 
time-consuming water immersion 
test. 

Porosity can lead to annoying 
errors in dissipation factor meas- 
urements, especially when porous 
samples are exposed (even for only 
a few minutes) to atmospheres hav- 
ing a relative humidity much in 
excess of 40 percent. It was found 
that the dissipation factor of a 
porous sample can be associated 
fairly well with the relative humid- 
ity of the atmosphere in which it 
is measured. Thus, if reliable dry 
values are desired on a porous 
sample, the measurements must be 
made in a low humidity or prefer- 
ably a desiccated atmosphere. It 
should be pointed out, on the other 
hand, that successful measure- 
ments have been made on non -por- 
ous samples even when the relative 

(Crntinued on page 338) 
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Power Factor 
CORRECTION CHARTS 
Charts for determining how much leading reactive power is needed to secure a desired 
amount of improvement in power factor, with practical data on the use of capacitors 
and auto transformers for correction purposes and on effects of harmonics 

CURRENT taken by a -c electrical 
equipment such as induction 

motors, welding equipment, neon 
signs and lightly loaded power 
transformers, lags behind the volt- 
age by some angle. The power taken 
by the equipment is expressed 
as P = EI cos O watts, where O is 
the angle of lag and cos O is the 
power factor. The power utilized 
(real power) is less than the prod- 
uct EI (apparent power) by the 
factor cos B, which is always less 
than one. 

Calculations 

The expression EI cos O for the 
po®ver taken by a -c electrical equip- 
ment may be represented in vector 
form as in Fig. 1(a). Inasmuch as 
voyage E is more or less constant 
in any given system, the same vec- 
tor diagram may be used to express 
power relations, as in Fig. 1(b). 

If the real power or the appar- 
ent power alone is known, the other 
may be found from the relation : 

real power = apparent power X 
power factor. The reactive power 
may be found from the relation: 
reactive power - apparent power X 
sin 9. 

If from the right-angle triangle 
in Fig. 1(b) we designate real 
power as A, reactive power as B, 
apparent power as C the necessary 
leading power for correction as Y, 
the new power factor as cos ß, and 
the resultant apparent power as X, 
as shown in Fig. 1 (c), the follow- 
ing relations hold for the calcula- 
tion of improved power factor: 

B-sC,- A 

X =./A2 + (B - Y)2 

toa5=A A- 
X .%A2 + (B - Y)2 

(2) 

(3) 

By HARRY HOLUBOW 
7'hordarson Electric Mfg. Co. 

Chicago, Ill. 

The charts in Fig. 2 and Fig. 3 

are based on the above, equa- 
tions, and a unit kva of power. They 
may be used for any load by multi- 
plying the value of leading kva by 
the value of kva involved. 

Use of Charts 

Let us assume that we have a 
load of 5 kva, 45 percent power fac- 
tor, and it is desired to correct the 
load to 90 percent power factor. A 
straight line, in Fig. 2, drawn 
through 0.45 on the EXISTING 
LOAD P.F. scale from 0.90 on the 
DESIRED LOAD P.F. scale will 
intersect the CAPACITANCE IN 
KVA scale at approximately 0.675. 
That means that for each kva we 
need 0.675 kva of leading reactive 
power to correct to 90 percent 
power factor. For 5 kva, 3.375 kva 
will be needed. 

Drawing a straight line through 
0.45 and 0.90 on the outside scales 
in the alignment chart in Fig. 3, 
we find that the kva ratio is 0.5; 
that is, instead of having 5 kva be- 
fore correction, the load is now only 
2.5 kva. 

There are, in general, two meth- 
ods of correcting a poor power fac- 
tor: synchronous machines and 
static capacitors. 

Methods of Power Factor Correction 

Several types of synchronous ma- 
chines are used in correcting load 
power factor, the most important 
being the so-called synchronous ca- 
pacitors and synchronous motor. 
The synchronous capacitor is a ro- 
tating device that carries no me- 
chanical load and draws a leading 
current. This device requires sep- 
arate d -c excitation for the fields, 
and the amount of leading current 
may be controlled by varying the 
field excitation. Synchronous ca- 
pacitors are available in large sizes 
only and are used to a great extent 
by the electrical utilities in their 
distributing sub -stations. 

The synchronous motor is similar 
to the synchronous capacitor in its 
operation, and usually requires a 
separate d -c excitation. It differs 
from a synchronous capacitor in 
that it is able to carry a mechanical 
load, but power factor correcting 
ability is comparatively small as the 
power factor of a synchronous mo- 
tor itself is between 80 and 100 per- 
cent leading. 

The most commonly employed 

FIG. 1-Vector diagrams representing voltage and power relations upon which 
the accompanying power factor correction charts are based 
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method of power factor correcting, 
especially in the case of relatively 
small amounts of power, is by 
means of static capacitors. The ca- 
pacitor takes a 90 -deg leading cur- 
rent, hence all of its current is 
useful for correction. Capacitor 
losses usually being small, this 
method is especially economical for 
the small consumer. Commercial 
capacitors are available in capaci- 
tances ranging from 1 to 40 µf and 
higher, for voltage ratings of 110, 
220, 440, 660 and 2300 volts. Paral- 
lel combinations of capacitors can 
be used to give almost any desired 
capacitance. 

The reactive power of a capaci- 
tor may be expressed by the rela- 
tion : Reactive kva = E2C/2.65 X 
108, where C is in microfarads. 
Where the voltage is low, capacitors 
have the disadvantage that the ca- 
pacitance required becomes large. 
If voltage is 110 volts in the ex- 
ample previously cited, where 3.375 
kva is required, the required ca- 
pacitance as given by this formula 

is 740 µf. This is rather a large ca- 
pacitance, and here an auto trans- 
former can be used to advantage. 
If a 660 -volt capacitor is connected 
across the high -voltage terminals 
of a 1 :6 transformer, the capaci- 
tance value as viewed from the pri- 
mary will appear as the square of 
the transformer ratio, or 36 times 
as large. Correction for 3.375 kva 
will then require only a little over 
20 µf. 

Several transformer manufac- 
turers have available as stock items 
power factor correctors embodying 
this principle, in capacities ranging 
from I to 1i. kva. With them, power 
factor may be corrected right at 
the device, thus obtaining a saving 
in copper. 

Limitations in Power Factor Correcting 

It is not always possible to cor- 
rect a system to unity power fac- 
tor. Several types of equipment, 
such as unloaded transformers, 
gaseous discharge tubes and weld- 
ing equipment, take a current that 

has a high percentage of harmonics. 
The instantaneous power in an elec- 
tric circuit is the product of the 
voltage and current of the same 
angular velocity (the same fre- 
quency), hence the harmonic con- 
tent of the current does not pro- 
duce any power and cannot be cor- 
rected unless by a leading current 
of the same frequency. 

Another source of trouble is the 
presence of harmonics in the sup- 
ply voltage when capacitors are 
used to correct the power factor. It 
is not uncommon to have the supply 
voltage contain as high as 15 per- 
cent of the third harmonic, and as 
the impedance of a capacitor to the 
third härmonic is only 33 percent of 
that for the fundamental, the third 
harmonic current taken by the ca- 
pacitor is nearly 45 percent of the 
current for the fundamental com- 
ponent. Such conditions would pro- 
duce at least about 10 percent of un - 
correctable r.m.s. current, and the 
best that could be hoped for is 90 
percent power. 
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Cooperating with manufacturers of communication equipment and contributing through 
our parts to the working harmony (Gung Ho) of all branches of the service is CINCH'S 
part in the biggest job of all time. What's inside a radio is important, especially tube 
sockets, the heart of the set. CINCH'S years of pioneering and research assure posi- 
tive contact of each connection between the socket and the tube. Thus communication 
through such a contact assures the teamwork that brings success for our forces. 

Gung Ho from the Universal Picture "Gung Ho" 
GUNG (Work)-HO (Harmony) 

CINCH MANUFACTURING CORPORATION 
2335 West Van Buren St., Chicago, Illinois 

SUBSIDIARY: UNITED-CARR FASTENER CORPORATION, CAMBRIDGE, MASS, 
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Electronic Bottle Inspection 156 

Constant -Impedance Control 160 

Electronic Area Calculator 
AN ELECTRONIC INSTRUMENT for the 
measurement of the area of flat 
sections of material is in use in 
several industrial plants. So far, it 
has been applied to determining the 
size of leather hides in the leather 
industry and for measuring pat- 
tern layouts in the textiles indus- 
try. Other possible applications in- 
clude measurements of the area of 
ink on printed matter and the sur- 
face enclosed by pinpricks of per- 
forated layouts and outlines. 

The complete machine is shown 
in the photograph and consists of 
two units, one a photoelectric ampli- 
fier arrangement for scanning 
areas of material, and the other an 
electronic calculator or high-speed 
counter. The skin or other object 
to be measured is inserted between 
rollers that transport it into and 
through the machine. Extending 
parallel to the axes of rollers is a 
long narrow slot. As the skin 
passes across this slot it comes into 
the path of a scanning beam of 
light issuing from an electric 
lamp. 

This lightbeam is swept across 
the width of the skin through the 
slot. As the beam travels along 
the slot, it will move part of the 
distance before it strikes the skin, 
then cross the skin, and travel the 
remainder of its stroke out of con- 
tact with the leather. These opera- 
tions are repeated on the return 
stroke. Since the rate of move- 
ment of the beam and the rate of 
feed of the skin are known, then 
when the total time interval dur- 
ing which the beam is on the skin 
is found, the area of the skin can 
readily be calculated. 

Calculations of the area of the 
skin is accomplished electronically 
by the instrument mounted in the 

Speed Meter for Camera Shutters 164 

Fluxmeter Uses Lightbeam 176 

Electronic Glueing of Shoe Soles 180 

Measurement of Filter Chokes 184 

Electronic Mail Sorting 192 

Design of Electronic Megaphone 200 

Fluorescent Starter Eliminates Blink 209 

long rectangular cabinet atop the 
assembly. This contains vacuum - 
tube amplifiers and associated 
power supplies and provides five 

electronic counter visual columns 
of ten counts in each column. Each 
visual count is a numbered lens 
which is illuminated as each im- 

pulse is received from the photo- 
electrical equipment in the scan- 
ning machine. 

A reset lever is employed to 
place all the lights in the columns 
at zero. The use of two or more 
counters permits not only indi- 
vidual counts but also permits total- 
izing the individual counts in the 
second unit by not making use of 

the reset. By adding other coun- 

ters, as many visual columns may 

be provided as are necessary to 

the project under consideration. 
The present rate of individual 
counting by the machine illustrated 
is from zero to fourteen thousand 
counts per second. 

Operation of Tubes 

For every indicator light on the 
panel, there is a corresponding gas - 
filled electronic tube inside the cal- 

culator cabinet. Ten of these tubes 
are connected in a series arrange- 
ment with the last tube connected 
back to the first, making the cir- 
cuit a "ring" of ten tubes. The 

electrical impulses to be counted 
are fed into the input circuit of 

this ring. As each impulse arrives, 
it causes the tube that is conduct- 
ing to cease and starts the next one 

in line to conduct. Each indicator 
lamp on the panel operates only 
when its corresponding tube is 

conducting. Thus, if number zero 

tube is operating, an impulse ar- 
rives which causes number zero 
lamp to go out and number one 

lamp to come on. The next impulse 
causes number one to extinguish 

Complete assembly of the Stockton area calculator. The bottom cabinet contains 

photoelectric equipment that scans thin pieces of hide traveling over a slot. The top 

cabinet houses an electronic calculator that counts unit areas of the hide 
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Preferred Flight Companion 
for Both Military and 
Comm erciai Aircraft 

For Dependability and Efficiency- 
MALLORY Vibrapack* 

Made by the oldest manufac- 
turer of commercial vibrator 
power supplies, the Vibrapack 
offers the most dependable, low 
cost method of obtaining high 
voltage direct or alternating cur- 
rent from a low voltage storage 
battery. Consult us about your 
application requirements. 

*Vibrapark is the registered trade- 
mark of P. R. Mallory & Co.. 

ribratar power supplies. 

o 

R. MALLORY 

Today's airplanes, military and commercial, fly at 
amazingly high levels. We think of these altitudes 
as nothing uncommon, although only yesterday 
they were considered abnormal. But they were 
achieved only by overcoming tremendous difficul- 
ties-some of them dealing with radio equipment. 

Take vibrators, for instance. When a ship flies in 
the stratosphere, the effectiveness of electrical insu- 
lation is so reduced that vibrator efficiency may 
be seriously impaired, if not completely nullified. 
It may even be possible for the electrical contacts 
to sustain an arc. Mallory solved this problem with 
a special hermetically -sealed vibrator. 

The Mallory vibrator is rendered completely air- 
tight at a normal atmospheric pressure of 14.7 
pounds per square inch after the hermetic seal has 
been tested under 20 pounds of pressure. Regard- 
less of altitude or atmospheric conditions, it func- 
tions at full efficiency. 

If you manufacture receivers or transmitters for 
aircraft use-or any other battery -powered equip- 
ment subject to unusual atmospheric or climatic 
stresses -complete facts about Mallory hermeti- 
cally -sealed vibrators will interest you. 

& CO., Inc., INDIANAPOLIS 6, INDIANA 

P.R. MALLORY BCO. Inc . 

ALLORY 

Buy More 
War Bonds 

VIBRATORS 
'AND VIBRATOR POWER SUPPLIES 
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and number two to come on. This 
goes on until ten impulses- have 
been received, when number zero is 
again ready to operate. 

The first ring of tubes is the unit 
ring. Another similar ring is used 
for a count of tens, another for a 
count of hundreds, and additions 
may be carried out as far as de - 

sired. Every time the unit ring re- 
turns to zero, one count is regis- 
tered on the tens ring. Every ten 
counts received by the tens ring 
causes the hundreds ring to count 
one, in the same manner as the 
mileage counter of an automobile 
speedometer. 

The operation of the tens ring is 

only one tenth as fast as the unit 
ring, and the hundreds ring only 
one -one hundredth as fast as the 
unit ring. 

Many uses are possible for such 
an electronic high speed counter. 
For example, the speed of missiles 
could be determined to one -four- 
teen -thousandth of a second by 
having the missile pass through 
two loops spaced a definite distance 
apart. One loop would start to 
count pulses from a fixed -frequency 
generator at a predetermined rate, 
the second loop would stop the 
count when the missile passed 
through. 

Several of the machines were 
built before the war by the Stock- 
ton Profile Gauge Corp. of Lowell, 
Mass. One is now in use for the 
measurement of hides areas by 
a large hide and leather company 
and others are being used in the 
hide and textile industries for 
measurement of pattern layouts. 

High -Sensitivity 
Electronic Recorder 
ONE -MILLIONTH of a millionth of a 
watt of electrical power can be re- 
corded full-scale on the instrument 
shown in the photograph. It oper- 
ates by the use of phototubes which 
respond to sensitive impulses re- 
layed through a series of miniature 
mirrors and lenses. 

Applications of the instrument 
include: recording changes of tem- 
perature, pressure, vibration, flow 
rate in steam boilers and turbines, 
measuring carbon monoxide con- 
centration in vehicular tunnels and 
recording vibrations of buildings 

The photoelectric recorder that has a response speed of five cycles per second is 

tested by D. F. Hang, engineer in the General Engineering Laboratory of General 

Electric. Miniature mirrors and lenses are used to relay the impulses being recorded 

caused by traffic or machine opera- 
tion. In studying physiological re- 
actions, it has been used to record 
a person's pulse beat under varying 
conditions. 

The internal parts of the photo- 
electric recorder are the basic meas- 
uring element, the optical follow-up 
system, the electronic power sup- 
ply, the recording element, and the 
chart carriage. These physical com- 

ponents of the recorder are also 

separate units in the assembly. The 
basic element is the only measur- 

Circuit of the electronic amplifier sec- 

tion of the photoelectric recorder 

ing device in the recorder and its 
load is the only one imposed on the 
input circuit. 

The functional relation of the 
Parts of the photoelectric recorder 
are shown in the mechanical draw- 
ing. The shafts of the recording 
and measuring elements, each car- 
rying a small mirror, are on the 
same vertical line. The lightbeam 
is provided by the small incandes- 
cent lamp, the light from which is 
focused by the pair of condensing 
lenses. This beam is reflected, in 
turn, by the basic mirror, the spher- 
ical mirror, and the recording -ele- 
ment mirror, until it is finally di- 
vided between the two phototubes. 

Operation 

When the mirrors of the record- 
ing and the basic elements are 
parallel, the light is equally divided 
between the two phototubes, and no 
current flows to the recording -ele- 
ment coil. If the pen is slightly to 
the right of its correct position, a 
greater part of the light falls on 

the nearer phototube. This causes 
a current to flow from the power 
supply through the coil in a direc- 
tion that moves the pen to the left. 

Errors are reduced to negligible 
amounts, because the function of 
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wherever a tube is used... 

For 
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accurate in color or 

the feed 
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Printed webd 
side motion 
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es 

a several of i, usually 
in conjunction unctioappli- 
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bring obout 
the desired actions. desired end 

THERE'S A JOB FOR 

zdae BY GUARDIAN 
In the electronic circuit there is usually a sensitive relay similar 

to Guardian Series 5, to control a heavier current in response to 

the weaker "signal" of the phototube. In some applications, 

however, the current to be handled may be greater than the 

contact capacity of the sensitive relay. In this case a power 

relay or solenoid contactor is controlled by the sensitive relay. 

Guardian series SC -5 is typical of this type of contactor. 

Consult Guardian wherever a tube is used-however-Relays by 

Guardian are NOT limited to tube applications but may be used wher- 
ever eiutomatüc con'rol is desired for making, breaking, or changing 
the characteristics o!i electrical circuits. 

SERIES 5 D. C. RELAY. Maximum switch - 
capacity -two normally open, two nor- 
mally closed, or DPDT contacts. Resistance 
range .01 up to 15,000 ohms. Send for 
bulletin 14. 

SERIES SC -5 SOLENOID CONTACTOR. 
Contacts rated at 75 amps. continuous, 
300 amps. surge. Contact combination- 
single pole single or double throw. Coil 
operates on 18-28 volts D. C. and con- 
sumes 7 watts at 24 volts D.C. continuous. 
Send for bulletin SC -5. 

GUARDIAN ELECTRIC 
1625-F W. WALNUT STREET ' CHICAGO 12, ILLINOIS 
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OPTICAL 
FOLLOW- UP 

SYSTEM 
(Enclosed by 
broken lines) 

Recording 
pen . 

Mirror 
rotated by 

recording element_ 
Photo tube I 
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sMirror CHART CARRIAGE 

Photo rot;oted by 
tube -41111%c ¡basic element 

Spherical e'11 
mirror 

17 

P- riìiJi/ South 

0 
North Input circuit 

To 

synch- 
onous 
motor 

Mechanical arrangement of the mirrors and phototubes used in the recorder. Light 
reflected from the mirror of the basic measuring element controls the current sup- 

plied to the recording element 

the optical -balancing system de- 
pends upon division of the light 
rays, and not upon the light in- 
tensity. Also, the slightest unbal- 
ance causes the power unit to give 
full output of current. Tube char- 
acteristics can change widely with- 
out affecting the final result. 

The electronic circuit of the Gen- 
eral Electric high-speed recorder is 
also shown. The lower 6X5 recti- 
fier tube on the diagram supplies a 
constant current through the re- 
cording element, and also provides 
excitation for the phototubes. The 
two phototubes in the bridge -type 
circuit control the grid potential of 
the 6SJ7 tube according to the light 
division between them. This light 
balance controls the cathode cur- 
rent of the 6V6 tube which flows 
through the recording element and 
which, at balance, is equal and op- 
posite to the steady current from 
the rectifier. 

When the optical system is un- 
balanced, the current in the 6V6 
tube is increased or decreased. The 
resultant current passes through 
the recording element and turns 
this element toward the balance 
point. The torque available is suf- 
ficient to produce a full-scale deflec- 
tion of the recorder pen in less than 
1/10 sec. 

A -C Network Calculator 
ELECTRICAL CALCULATORS have been 
in almost continuous demand for 
solving complicated power system 
problems ever since this country 
became involved in the war. 

Recently a completely new, en- 

larged and modern calculator was 
installed at the Westinghouse plant 
at East Pittsburgh. Shown in the 
photograph is one drawer of the 
unit undergoing a final test for ac- 
curacy. The complete unit is the 
result of experience gained with a 
board installed in the plant in 
1929 and incorporates the best fea- 
tures of eight similar calculators 
built since that time for central 
station and industrial customers. 

Electronics in Textile Plant 
IN ONE SOUTHERN TEXTILE plant, it 
is essential that the doors between 
the weave shed and the warp -sizing 
room be closed as soon as possible 
after opening to maintain high 
humidity and temperature condi- 
tions within the weave shed. Dur- 
ing ordinary operations, trucks are 
almost continuously carrying beams 
of yarn between the two rooms and 
to the cloth inspection room. With 
manual operation of the doors, the 
condition of the air was consider- 
ably disturbed, but photoelectric 
relays installed at the approaches 
to the doors now permit automatic 
opening and closing and operation 
of the doors and help maintain es- 
sential temperature and humidity 
conditions in the weave shed. 

Another electronic device in the 

One of the circuit drawers of a calculator for a -c networks is checked for accuracy 
by means of a special bridge and an oscilloscope 
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IRC WILL BE READ 
with TYPE BW INSULATED 
WIRE WOUND RESISTORS 

i 
At the first indication of lessened demand by 
the Armed Services, I R C will be in an excel- 
lent position to immediately supply industry's 
requirements for resistors of all types. That I R C 
units will be available in ample quantities on a 

favorable price basis is assured because we have 
developed and are operating on a mass produc- 
tion basis the world's largest resistor plants. 

RESISTOR PROBLEMS WELCOME 
Feel free at all times to consult with us on your 
peacetime product design plans involving 
resistances. You can be certain of un- 
biased engineering counsel and secure 
in the knowledge that the subject o 
matter will be held inviolate. 

INTERNAT 

E 

D 

CHECK THESE FEATURES OF TYPE BW WIRE 
WOUND RESISTORS 

1. Completely insulated wire wound of standard 
1/2, 1 and 2 watt sizes. 

2. Resistance values: 1/2 watt from .24 ohms to 
800 ohms; 1 watt from .5 ohms to 5000 ohms; 
2 watt from 1.0 ohms to 8000 ohms. 

3. Have wire wound stability and are physically 
interchangeable with carbon types. 

4. Available in matched pairs to 1% or 2% 
for close -tolerance, high -stability applica- 

tions. 
FOR fob 5. Element ís space wound with cop- 

.! per -nickel or nichrome bare wire 
securely crimped and molded 

integrally with leads. 

PER 

01 N. Broad St. Philadelphia 8, P 

IIRC makes more types of resistance units, in more shapes, for more applications than any other manufattureí In the world. 

ANCE CO. 
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Since that historic day in 1899 when an electric 

impulse was transmitted from the Marconi 
apparatus aboard an English lightship, miracles 

have been performed in, and with radio com- 

munication. Contemporary with that development 

and-indispensable to it-was the power regu- 

lating component-the transformer. 

In recent development Stancor Transformers have 

played a noteworthy role, and this experience multi- 

plied a hundred -fold by the intimate association with 

wartime electronic units, will be a rich source of appeal 

when industry asks for improved safety and control. 

STANCO Peawdieteotva 
STANDARD TRANSFORMER CORPORATION 
1500 NORTH HALSTED STREET . CHICAGO 

.lfa n ufa /u revs of quality transformers, reactors, 
Power packs and allied products for the 

electronic industries. 

SEND FOR 

NEW 

COMPLETE 
CATALOG 

same plant is used in the opening 
room of the mill, where cotton is 
removed from the original bale and 
then partially cleaned and fluffed 
up into a loose condition by special 
machinery. At times the cotton be- 
ing fed into this machine accumu- 
lates to such an extent that it over- 
flows from the bin onto the floor, 
making it necessary for someone 
to replace it in the feeder hopper. 

To shut down the feeding machin- 
ery automatically, a mercury switch 
trips when the cotton in the bin 
reaches a predetermined level. At 
this level, however, the continuously 
rotating cotton in the bin con- 
stantly trips the switch. This means 
repeated starting and stopping of 
the feeding machinery while the bin 
is full. 

Supplementing the mercury 
switch with a General -Electric elec- 
tronic time -delay relay solved the 
problem. Once the mercury switch 
has initiated a shut -down period, 
the relay keeps the cotton -feeding 
equipment inoperative for a pre- 
selected period of time, irrespective 
of the opening and closing of the 
mercury switch. After the time 
period has elapsed, the mercury 
switch again takes over to start the 
feeding equipment. 

River Level Recorded by 
Radio 
INCREASES IN THE LEVELS of the 
Salt and Verde rivers near Phoenix. 
Arizona, are recorded in a central 
office in Phoenix by a new radio re- 
mote registering system. Gages 
installed in both streams automat- 
ically send radio signals from 25 - 
watt transmitters to the office of 
the chief hydrographer of the Salt 
River Valley Water Users' Associa- 
tion. 

Previous to installation of the 
automatic system by Leupold and 
Stevens Co., the Phoenix office had 
to depend on telephone calls from 
observers on the two streams. Dur- 
ing flood seasons, when the river 
level data was most needed, the 
telephone lines were inoperative due 
to weather conditions. So far, 
storms have not upset the' -radio 
system. 

The' transmitting equipment at 
each stain is powered by two 6 - 

volt storage batteries, one of 130, 
and the other 150 ampere -hour ca - 
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in Headphones 
It is logical that engineers, long trained in designing micro- 

phones for transmitting the human voice, should be espe- 

cially familiar with the techniques of voice reception. 

Headphone design, therefore, is a natural province of Shure engineers. 

The Shure headphone employs a unique moving armature design which 

combines light weight with sensitivity, simplicity and reliability. 

In headphones, as well as microphones, you may continue 

to look to Shure for leadership. .#4t MPy 

SHURE BROTHERS, 225 West Huron Street, Chicago 
Designers and Manufacturers of Microphones and Acoustic Devices MICRPHONESU 

11 E, 
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Shallcross 
KELVIN-WHEATSTONE 
BRIDGE Type 638-2 

0.0001 ohms to 11.11 megohms 

WIDE MEASUREMENT RANGE 
in a single instrument 

Wombining both Kelvin and 
Wheatstone bridges, this popular 
Shallcross instrument provides a re- 
sistance measurement range from 
0.0001 ohm to 11.11 megohms in a 
single portable unit. Widespread use 
is proving it unexcelled for laboratory 
and school work, maintenance, many 
forms of production line testing, field 
investigations-in fact, for use almost 
any place where electrical, resistance 
is measured. 

When used as a Wheatstone bridge 
for measurements between 1 ohm and 
1 megohm, the normal accuracy is 
better than 0.3%. Low resistance 
measurements using the Kelvin range 
utilize current and potential terminals 
to eliminate lead and contact resis- 
tance. The accuracy of Kelvin meas- 
urements is normally 3% or better. 

Ask for details on Kelvin -Wheat- 
stone Bridge Type 638-2. 

SHALLC ROSS 

rf` 

Write for literature on 

other 
Shallcross Instruments 

Megohmmeters 
Percent Limit Bridges 

High Voltage Instruments 
Kilovoltmeters 

Fault Location Bridges 
.ow -Resistance Test Sets 

etc., etc. 

MAVUFACTURING 

CO,MPANY.. 

pacity. Vibrator power packs sup- 
ply both a telemark coder and 
transmitter. 

Coding Device 

The telemark is a combination 
coding device and time switch. The 
essential parts of the instrument 
are several disks which are actuated 
by a float. The surface of each disk 
is divided into 10 sectors that con- 
tain ridges. In one sector, the ridge 
is broad-representing zero. The 
other sectors contain narrow 
ridges, the number of each repre- 
senting the digits 1, 2, 3 etc. to 9. 
When the telemark is signalling, a 
motor driven contact arm sweeps 
across these ridges to produce sig- 
nals which represent the gage 
height of the river at that moment. 

Before the contact arm passes 
over the gage height disks, it 
travels over a bar located in the 
path of its rotation. This bar has 
the station's call letter cut into its 
surface. When the arm contacts 
this surface, the station's identifi- 
cation is transmitted, immediately 
followed by the gage height. 

The time of broadcasts is prede- 
termined and controlled by a time 
switch. This consists of a weight - 
driven clock which operates a series 
of switches that turn the transmit- 
ter and telemark on and off every 
twelve hours below a certain criti- 
cal gage height, and every hour 
after that height is reached. 

The receiving equipment consists 
of the receiving antenna, receiver 
and recorder. Both receiving and 
transmitting antennas were erected 
with their axes perpendicular to 
the direction of transmitting and 
receiving. 

The receiver, a nine tube set, has 
no adjustments and is fixed -tuned 
to the transmitter frequency. Con- 
nection to the radio recorder is 
made by means of rubber covered 
cable and cable plug on back of the 
receiver. 

Recorder 

The radio recorder furnishes a 
continuous graphic record of the 
flows of the two rivers. It functions 
automatically when actuated by the 
receiver and consists of several in- 
struments housed in a cast metal 
case having a view plate in the top. 
A Warren telechron clock synchron- 
ized to the "on" time of the trans- 
mitter turns on the receiver every 
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AN 15, ALL -METAL CABINET 

PROTECTS YOUR EQUIPMENT 

Assemblies for any required size or style... 

no tooling, trimming or welding required 

Parts for Lindsay Structure all -metal cabinets 
and equipment housings are pre -formed to your 
exact specifications and delivered to you complete 
and ready for quick assembly. The Ls method of 
construction requires no tooling, trimming, weld- 
ing, or riveting; uniform tensioning of panels uti- 
lizes all the strength of the light steel sheets and 
provides rigidity for maximum protection of 
delicate equipment. 

Available in any size or style, Ls units are neat, 
strong, light weight, and can be easily insulated to 
maintain either high or low temperature. Their 
strikingly modern machine -finished appearance 
makes them ideal for housing electrical, radio, and 
electronic equipment. 

Ls engineers can give you immediate service on 
your pilot jobs. Send your blueprints to Lindsay 
and Lindsay, 222-D W. Adams St., Chicago 6, III.; or 
to 60 E. 42nd St., New York 17, N.Y. This Lindsay Structure cabi- 

net offers ample protection for 
the equipment, yet is light for 
ea31; maneuverability. 

LINDSAY STRUCTURE 
U. S. Patents 2017629, 2263510, 2263511 

U. S. and Foreign Patents and Patents Pending 
For details, see Sweet's Catalog File 

1 T S- T- R- E- T- C- H- E- S STEEL 
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SPEEDING 
UP VI 

Wherever they go-in the air,-on land or 
sea,-wherever they go to press on to final victory, 

transformers made by Jefferson Electric are doing their 
part in all types of vital radio, communications, signal and 
detector equipment. 

All over the world, reports emphasize the value ofJefferson 
Electric Transformer dependability,-from the icy Attu to 
the Equator-from the hot moisture -laden regions to the 
arid desert areas. 

Engineering, designing, research, manufacture of all com- 
ponents are under one control to insure "quality" with 
quantity. 

Let us know your particular requirements. Jefferson Elec- 
tric recommendations and suggestions will help you save 
time-and the transformers furnished whether in small or 
large quantities will be alike in quality and performance ... 
JEFFERSON ELECTRIC COMPANY, Bellwood (Suburb 
of Chicago), Illinois. In Canada: Canadian Jefferson Elec- 
tric Co. Ltd., 384 Pape Ave., Toronto, Ont. 

TRANSFORMERS 

hour for a 15 -minute period to re- 
ceive signals, if the transmitters 
are broadcasting additional read- 
ings other than the 12 hour read- 
ings. 

A roll of tape is mounted on the 
base and is driven by a small mo- 
tor from the supply roll to a take-up 
roll. On this tape is recorded the 
dots and dashes of an incoming 
signal from one of the river sta - 

K ; W Y C 4 Oft.3ft. 070ft. 

1944 Jan_10 PM 6:10 

Typical recording of the height of a 
river as sent and received auto- 
matically by radio. Two sets of signals 
are transmitted to insure reception dur- 

ing static intervals 

tions. At the beginning of a signal, 
the tape is started and continues 
to run for about 1 t minutes, suffi- 
cient time to register one set of 
signals. Succeeding sets of signals 
start the paper anew. 

A capillary pen, attached to a 
magnetic coil and resting on the 
moving tape, records each incoming 
signal. When the transmission is 
complete, the call letters appear in 
Morse Code and the gage heights 
are recorded on the tape. 

Another mechanism stamps the 
year, month, date and exact time 
of the recorded gage height, one 
for each signal. Two sets of signals 
are received from each station. Al- 
though one or the other signal may 
be faulty during electrical inter- 
ference, a study of both signals 
will produce one complete signal. 

Electronic Bottle Inspection 
By S. R. WINTERS 

PHOTOTUBES HAVE BEEN used for 
several years for the detection of 
foreign ingredients in the bottling 
of soft drinks. Machines for this 
use in one plant have contained a 
photocell that traveled in synchron- 
ized relationship with a rotating 
bottle during inspection and was 
returned to its starting position by 
means of a cam arrangement. Thus 
the bottles were inspected one at a 
time, a process that slowed down 
the inspection operation. 

A modified and faster system that 
contains a number of photocells 
mounted on a roller chain has been 
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SCOVILL 

SPECIALISTS 

IN COLD -FORGING 

SOLVED 

THIS ONE 

The chances are that your fastening can be 

cold -forged too. 
Many Scovill customers did not believe 

their job could be cold -forged until they 

were shown what Scovill skill could accom- 

plish. Then they found (the cold -forged part 

illustrated above is a typical example) that 

cold -forging, plus Scovill ingenuity, means 

delivery of fastenings for minimum money 

- materials - motions. 
Even though your requirements may not 

call for specialists in cold;forging, a manu- 

facturer qualified to specialize can serve 

you satisfactorily throughout the range of 

your requirements. 

"Cold -forging"- proof #19 

...more each month 

Bring your fastenings"headache" to Scovill. 

Give us the opportunity to go into your 

particular problem thoroughly so that we 

may plan or design your fastenings to fit 

the job. Profit by our experience to deter- 

mine the proper fastening, whether it be 

"standard" or "special" - and to apply the 

advantages of cold -forging to both. 

Kill off many of your problems before they 

start - as other Scovill customers have done 

- by calling in one of our Fastenings Experts 

when the product is still in the design stage. 

SCOVILL MANUFACTURING COMPANY 
SCREW 

WATERVILLE PRODUCTS 

WATERVILLE 48, CONN. 

DIVISION 
TEL. WATERBURY 3-3151 

NEV YORK. Chrysler Building DETROIT, 6432 Cass Avenue CHICAGO, 1229 W. Washington Boulevard PHILADELPHIA, 18 W. Chelten Avenue Building 

PITTSBURGH, 2882 W. Liberty Ave. SYRACUSE, Syracuse Kemper Insurance Bldg. LOS ANGELES, 2621 S. Soto St. SAN FRANCISCO, 434 Brannan St. 
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eL'ePe .. 

R AD RADIO QUEEN- 
- Wle 
YOUR PAelTNE 

T H I le : R 

Radar -Radio' 
Pin -Up Queen 

More than ever before women have Done 
to the front to play their part in tiffs 
Dorothy Crisp-since 1942 a wc'rlcr in 
the factory at Amphenol-who smiles at 
you from these pages, typifies and sym- 
bolizes the radar -radio woman-p:wer 
which is effec-ively taking over war plant 
jobs. Her skillful hands represent two 
out of 2500 pairs workirg daily to xain- 
tain the security, dependability and dual- 
ity behind the name of "Amphenol". 

Amphenol°s products-connectors, 
cables, fittings, radio parts-prove their 
quality in meeting the exacting specifi- 
cations and laboratory tests called for in 
AN requirements. 

-1411 111IM"1' 1111 - 
American Phenolic Corporation 
1830 S. 54th Ave., Chicago 50, Illinois 

I would like to have a photograph of Padar-Radio's 
Queen and Pin -Up Girl, Dorothy Crisp. 

Name Positicn .. . 

Company 

Address 



4 Ile 

Arm 

Send for a Photo of Dorothy- Radar-Reáo Queen 

an Yeu Need Seed is Your Neme 

and Address-thee the Coupon 

Pictured nere is Doro by Crisp-a typical 

wholesome American girl-busy every 
day cn Amphenol's production Ene. She 

was cìo:er first by Amphenol's twenty- 

five hunired emplcyeee as their repre- 
sentative. Then she a -as picked as Radar 
Radio Qieen of Ch_cagó s fifty-two ra- 

dar and radio plants 
gcrothy's smile iE offered here, 

as an encouragement to the army 
of w rkers who are using Am - 

phenol products in building 
the electrical at3 com- 

munica:icns war equ:p. 
mea' ... and to tie men 
in the Armed Forces 
wbc are so effec- 
tively using that 
equipment inthefielc. 

1111111111011 

designed for the Coca-Cola Co. of 

Wilmington, Del. by George P. 

Stout. The mechanical features of 

the system are shown in the draw- 
ing. 

The roller chain carrying the 
photocells is driven by .teeth posi- 

tioned around the outside edge of 

the revolving turret carrying the 
bottles. As the turret revolves, the 
teeth engage the roller chain' so 

that bottles adjacent to the teeth 
travel in synchronized relationship 
with individual photocells for the 
necessary interval during the in- 

spection period. When a bottle be - 

Continuous inspection of beverage bot- 

tles is obtained by having the bottles 

travel through a lightbeam in step with 
moving photocells 

comes aligned with a photocell the 
beam of light from the lamp passes 
through the whirling contents of 

the bottle and onto the cell. If the 
beam is interrupted by a foreign 
particle in the bottle, this change is 

registered by the cell. The impulse 
is amplified by electronic means 
and caused to reject the objection- 
able container. 

In the first electronic setup it 
was necessary to wait for the opti- 
cal system to return to its original 
position before starting inspection 
of another bottle. In the modified 

arrangement the photocell literally 
meets the bottle on the threshold 
of operations. The number of pho- 

tocells on the roller chain, and the 
manner of their travel, is such as to 
eliminate the former time lag and 

thus speed inspection. 
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ir INSPECTION 
In small -part production 
where accuracy is vital 

the 

HATHAWAY ELECTRONIC 

COMPARTOR 

is the finest available 
instrument for checking 
mechanical dimensions to 
very close tolerances. No 
special skills are required 
of the operator. The Dial 
swings left for under -size 
-right for oversize. Ab- 
solutely dependable in- 
spection; eye -level read- 
ing. 

The great sensitivity and 
accuracy of this Compar- 
ator allows speedy mag- 
nification adjustment va- 
riations at will, over wide 
limits. From thousandths 
to millionths by simple 
electric control. Readily 
operated from any 115 - 
volt 60 - cycle socket. It 
maintains its calibrations 
and zero over long peri- 
ods. Unusually flexible- 
is adaptable to multiele- 
gage fixtures for simulta- 
neous measurements. 0 to 
6" for external dimen- 
sions. Get complete infor- 
mation. Hathaway In- 

strument Co., Denver 10, 
Colorado. 

'ANA/ 

LONG LIFE ASSURED 
No moving parts to wear 

alyez INSTRUMENTS 

Constant -impedance Control. 
By JAMES C. C0E 

FOR REASONS OF SPACE and mainte- 
nance, it is often desirable to re- 
duce the number of variable re- 
sistor units used for attenuation to 
a minimum. By using two variable 
resistors and one fixed resistor, the 
insertion loss can be made low with 
only minor variations of impedance 
to the source. When this is done, the 
impedance looking back from the 
load need not vary through such 
extremes as with an L pad of the 
conventional type. 

At A of the figure, R, can be a 
higher value than the load in order 
to reduce the insertion loss. The 
higher it is, the less the insertion 
loss, but at the mid -point of the 
control the impedance presented by 
the resistor and load combination 
will be higher than at the end 
points. 

For example with R. equal to the 
load impedance, R2 sixteen times, 
and R. eight times the load imped- 
ance, the entire combination of re- 
sistors and load presents an imped- 
ance of approximately twice the 
end values when the variable arms 
to R, and R. are at the mid -point. 
As only 26 percent of the available 
voltage is across the load at this 
point, it is apparent that a taper 
results from the use of linear re- 
sistors. 

A 

B 

Suggested circuits for maintaining prac- 
tically constant impedance with a mini- 

mum of resistance components 

With linear resistors the degree 
of the taper can be changed through 
a wide range by choice of resistor 
values. This is an advantage from 
a manufacturing standpoint, how- 
ever, since by using tapered re- 
sistors an even greater range of 
tapers is available to the designer. 
By changing the value of the fixed 
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OUT OF TODAY'S RESEARCH... 

TOMORROW\IS ENGINEERED 

THE RIGHT INSULATION 

FOR HIGH -FREQUENCY APPLICATIONS 

THE degree of efficiency and stability of 
high -frequency circuits depends largely 

upon use of the correct insulation. 
ALSIMAG' Steatites are permanent mate- 

rials. They are hard, rigid, do not distort by 
loading, nor do they warp or shrink with time. 

ALSIMAG Steatite Ceramic Insulators are 
non -inflammable. As they do not contain car- 
bon, they do not char. Electrically conduct- 
ing paths are not formed as a result of arc over 
or other heating. 

Corrosive materials do not attack them. 
They do not absorb moisture. 

Mechanical strength is exceptionally 
high compared with ceramics in general or 
with organic materials. 

ALSIMAG Steatite Ceramic Insulators 
have exceptionally Low Loss Factor, High 
Dielectric Strength and High Resistivity. 

Many ALSIMAG compositions, each with 
its particular characteristic, are available to 
meet all insulating requirements. 

AMERICAN LAVA CORPORATION 

CHATTANOOGA 5, TENNESSEE 

Army -Navy "E" 
First Awarded July 27, 1942 
Second Award: "Star" February 

13. 1943 
'third Award: "Star" September 

25, 1943 f 
IVIA 

TRADE MARK REGISTERED LI. S. PATEN OFFICE 

STEATITE CERAMIC INSULATORS 



The RCA 44-BX Velocity Microphone 
and the 77 C Unidirectional Micro- 
phone-the finest in qualify and the 
most widely used of all microphones. 

The RCA 70-: Transcription Turn -table, 
most popubr everywhere, one or 
more in every broadcast station - 
equipped wih universal pickup head. 

The RCA 64-8 Monitoring Loudspeaker, 
widest freq ency response and widest 
angle of high -frequency response of 
any standard model speaker. 

FOR AM, FM, 

SHORT-WAVE AND TELEVISION 

IN studio speech input equipment RCA has led the field 
for the past ten years-its recent years by a wide margin. 

RCA studio equipment predominates in the studios of 
all major networks and in a large proportion of the out- 
standing station installations-large and small. 

All of the RCA studio equipment, and all of the RCA 
broadcast transmitting equipment, sold in the last ten 
years was designed front scratch by RCA engineers and 
built exclusively in RCA plants. 

RCA experience its broadcast equipment-studio and 
transmitting - is unequaled. 

And note especially- 
All of the RCA studio equipment models current at the 

beg' ' g of the war were designed for the wide response 
and high standards of FM broadcasting. 

A number of contmereially licensed FM stations on the 
air today are 100% RCA -equipped - front microphone 
to antenna. 

RCA BROADCAST EQUIPMENT 

RADIO CORPORATION OF AMERICA 

BUY WAR BONDS 



 The RCA 76-B2 Consoleue, finest, 
most complete studio equipment of its 
type. Handles two studios and announce 
booth. .Quality equal to custom-built 
installations. 

(BELOW) Master control room of WFBR, Baltimore. RCA custom-built studio equipments, such as that 
shown here, are unapproached either in utility, convenience or performance. They are made up to suit the 
requirements of the individual station exactly-and yet, because they are assembled largely from standard 
units, they often cost no more than much inferior and decidedly less convenient equipments. All RCA units 
such as amplifiers, racks and control panel are, of course, also available separately. 



PULSE GENERATOR 

If you work with pulses in 

any form, could you use a 

pulse generator? A wartime 
development is now availa- 
ble on priority or directive 
orders. 

SPECIFICATIONS: 
Pulse Characteristics. D.C. pulses, positive or 
negative, suitable for many direct engineering meas- 
urements and observations, and for pulse modulating 
an R. F. signal generator. 

Pulse Duration. Continuously adjustable (direct 
dial calibration) from 0.4 to 14.0 micro -seconds. 

Pulse Amplitude. Continuously adjustable (at- 
tenuator) from 0.03 to 20.0 volts. 

Repetition Rate. Two rates, 500 and 5000 per 
second, on an internal oscillator, 50 to 20,000 per 
second with external audio oscillator. 

Pulse Form. The leading and trailing edges of the 
pulse each consume about 0.15 micro -seconds. 

Output Impedance. 100 ohm termination on 3 
foot cable. 

Other Features. Sine sweep and expanded sweep 
voltages available for oscilloscopes. Synchronizing 
pulses for oscilloscopes with slave sweeps. Marker 
circuit for calibration check. For 115-125 volts 60 
cycle supply. 

Price. $800. complete, FOB Buffalo, N. Y. 
(Exclusive of Sales and Use taxes.) 

For Full Information, Write for Bulletin No. 700-A. 

COLONIAL RADIO CORPORATION 
BUFFALO 7, N. Y. 

resistor R the taper of .the com- 
bination can be easily altered. 

Where infinite attenuation is not 
required, the circuit shown at B 
can be used. With the same resis- 
tance values as above, the greatest 
variation of impedance is approxi- 
mately 65 percent more than at the 
end points of control. With these 
values 46 percent of the available 
voltage appears across the load 
when the contact arms are at the 
mid -resistance point. While the 
value of R, can be reduced to obtain 
Iess impedance variation, Ra cannot 
be changed without affecting the 
maximum attenuation possible. 

Of all the combinations of two 
variable resistors and one fixed re- 
sistor, it is believed that these offer 
most promise. 

Speed Meter for 
Camera Shutters 

By C. J. PENTHER 

AN ELECTRONIC INSTRUMENT for 
measuring the effective speed, not 
the total open time, of a camera 
shutter is shown in the photograph. 
The unit forms a simple compact 
device suitable for counter use in 
camera stores. 

The circuit of the shutter speed 
meter (called a shutter Speedom- 
eter) is given in the diagram. A 
phototube is connected to produce a 
current that is proportional to the 
light intensity reaching it through 
the camera lens and shutter. The 
phototube is in series with a ca- 
pacitor and a direct voltage source 
so that the total- charge accumu- 
lated by the capacitor will be di- 
rectly proportional to the actual ex- 
posure, regardless of the variation 
of intensity during the open period 
of the shutter. 

Operation 

The voltage across the capacitor 
is measured with a vacuum -tube 
voltmeter having a meter scale 
which is marked to read shutter 
speed directly in reciprocal -sec- 
onds. Calibration is obtained by 
marking the scale in terms of the 
full-scale deflection obtained with 
constant light intensity. The meter 
reading then will be the ratio of 
the voltage built up in the capac- 
itor during measurement, to. the 
standardizing voltage during cali- 
bration. These voltages are, re - 
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THE LITTLE GLASS TUBE THAT HELPS 

Available for 
Government war 

emergency use 
only. 

CONNING 
means 

Research in Gass 

IT doesn't look exciting but this little 
Corning precision tube is flying in our 

planes to help them out -perform those of 
our enemy. It is the "heart" of an important 
piece of apparatus called a carbon pile volt- 
age regulator. 
As the name implies, the function of this 
equipment is to provide even, continuous 
voltage regulation without lag or fluctua-. 
tion. This is accomplished by pressure ex- 
erted on a stack of carbon discs. 

. 

The tube which contains these discs. must 
be smooth, accurate in dimensions and capa- 
ble of withstanding high temperatures. For 
it, Eclipse -Pioneer engineers have chosen a 
precision ground Pyrex tube with an out- 
side . diameter of .6245 plus Q minus .001 
inches and an inside diameter of .435 plus 
or minus .002 inches. Tolerances unheard of 
five years ago except for optical purposes! 
Perhaps Corning's"know how" in glass mäy 
some day be of use to you, too. Under the 
Army -Navy "E" flag at Corning you'll find 
glasses with high dielectric strength, ex- 
treme resistance to thermal or mechanical 
shock or any combination of these qualities 
needed to fit your particular requirements. 
Just to keep you informed we'd like you to 
have a free study called "There Will -Be 

More Glass Parts In Post -War Electrical 
Products." Write for your copy to the Elec- 
tronic Sales Dept. E-5, Bulb and Tubing 
Division, Corning Glass Works, Corning, 
New York. 

Photo Courtesy Eclipse -Pioneer Division 
of Bendix Aviation Corporation 

tiectronic Glassware 

ELECr2ONICS-May 1944 

"PYREX" and "WRITING" are registered trade -marks of Corning Glass Works 
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IT'S THE 

THAT COUNTS 

It's pull-not pound-that forms the 
head of a Cherry Blind Rivet. No ham- 

mering, no shock-no bucking bar. Just 

the steady application of a drawing 
force for a neat, sturdy, firm, tight 
joint. Of course Cherrys were designed 
for those tough jobs where the work 
has to be done from one side. But they 
are so easy to use and finish up so 

Get this handbook with the complete story of 

Cherry Blind Rivets. You will find it interesting. 

Address Deportment A-120, Cherry Rivet Com- 

pany, 231 Winston St., Los Angeles 13, Calif. 

PULLING 

FORCE 

INSTALLED CHERRY 
RIVET ... NOTE TULIP 
HEAD ON BLIND SIDE 

well that they are going into many 
regular riveting jobs-especially on 
plastics and pliable or brittle materials. 
They don't bend or spread when used 
in soft materials. Their heads are well 
formed and smooth. It's the steady, 
easy, strong pull that does it. 

Cherry Rivets, their manufacture end application are covered by 
U. S. Patents issued and pending 

(JLLL'LL' 

w:.a. rtl..,G,:- 

7 
LLLULt: I `e j4-sty 

LOS A N G ES , CALIFORNIA 
I 

1 
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Bomb bay doors must open quickly and smoothly without jarring . . 

and close without slamming. Holtzer-Cabot designed a special gear motor 
to meet these performance requirements which is, today, helping 
bombardiers blast the enemy. 

Many other Holtzer-Cabot special fractional HP motors are 
providing power for war products so that victory will come sooner. 

Our motor development engineers, backed by 
over 50 years of experience in electric 
motor design, will discuss your post-war 
motor problems with you. However, 
war needs come first and our manufactur- 
ing facilities, today, must be strictly lim- 
ited to building special motors for winning the 
war as quickly as possible. 

SPFO/& MOTORS' VE$/'ìVET TO AT Me" 79PPL/C,9T/O'V 

The HOLTZER-CABOT ELECTRIC COMPANY 
Designers and Builders of Special Fractional HP Motors and Electrical Apparatus 

125 Amory Street, Boston 19, Mass.; Chicago, Illinois; N.« York, N. Y.; Philadelphia, Pa. 
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9tí "Plane Talk" 
with the ERCO RADIO RECEIVER 
at Pan American World Airways' Marine Terminal 
At La Guardia air base ... Clippers coming and going ... wartime 
traffic demanding safety of important personnel and precious cargo. 
Naturally, communications equipment must be right ... unfailing in 
performance. For in fair weather and foul, sharp selectivity of radio 
reception is vitally essential. And with the ERCO Radio Receiver at 
hand it is "plane talk" always between pilots and Terminal control 
tower. Yes, PAA men know that they can depend upon the effectiveness 
and reliability of ERCO radio equipment. That is why ERCO Receivers 
serve Pan American Airways' Bases everywhere. 
And just as Pan American looks to ERCO for creative engineering and 
high standards of manufacture, so do many other prominent organiza- 
tions which demand only the finest in radio equipment. 
We welcome the opportunity to help solve your present or postwar 
problems. 

ERCO RADIO LABORATORIES 
HEMPSTEAD, NEW YORK 

Manufacturers of CUSTOM BUILT RADIO APPARATUS 

spectively, e = Q/C and E = IR, 
from which the effective exposure 
time is found to be proportional to 
RCe/E. 

The instrument is standardized 
by adjusting the intensity of the 
light source for full-scale deflection 
with the shutter held open. Next 
the shutter is closed, and C com- 
pletely discharged through R. The 
pushbutton is now depressed, dis- 
connecting R, and the shutter 
operated. The meter then reads the 
voltage to which C has been charged 
and directly indicates the shutter 
speed. Releasing the pushbutton 
discharges C and restores the meter 
to zero reading for the next test. 

Design 

It is desirable to use a meter cap- 
able of full-scale deflection between 
0.2 v and 4.0 v for the negative 
charging voltage of 50 v in this 
circuit, thereby confining the use- 
ful operating characteristic of 
charge vs time to a practical region 
of linearity, excluding the true ex- 
ponential portion of the capacitor 
charging characteristic. The cir- 
cuit shown in the diagram will 
cover a range between 1/5000th and 
2.0 seconds. 

Shutter speed meter used to check tim- 
ing of a miniature camera. The inten- 
sity control, meter -range switch and 
calibration pushbutton are on the 
panel. Exposure time is read directly 

on the meter scale 

It is also possible to select ranges 
by switching different values of re- 
sistors . instead of capacitors. Al- 
though this is advantageous in 
some cases, the latter case permits 
one calibration setting for all 
ranges. 

The input current to the volt - 
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;-«4 74'whe( 

OW! Photo by Palmer in an Allegheny Ludlum plant 

a isstPh 
OWES ITS OWN ABILITY 

HAND BOOK 
OF SPECIAL STEELS 

Newly revised and reprinted- 
a comprehensive book on the 
properties, uses, and best meth- 
ods of handling, treatment, etc. 
of tool, stainless and other alloy 
steels. Plenty of tables to facili- 
tate quick reference and selec- 
tion. 136 pages, pocket -sized, 
latest data. 

SEND FOR 

YOUR COPY 

Add,..ss Dept. E-22 

WITHOUT special alloy steels, 
no modern bomber would fly ... in fact, there are more of these 

materials in the big planes than any 
other single ingredient, a fact not 
so commonly understood. 

Many of these special steels- 
electrical, corrosion and heat -re- 
sisting, valve and nitriding-first 
passed over the big breakdown 
mills in Allegheny Ludlum. plants. 
Even more. particularly, many of 
them were developments of our 
own research, and all of them are 
raw materials of the greatest portent 
for the future. 

Special steels have eloquently 
demonstrated their ability to do for 

TO PLY 

a product-perhaps your product- 
what ordinary materials cannot do. 
Let our Technical Staff help you 
to fit these tailor-made steels to 
your needs. 

4//el enlo Ltid/ym 
STEEL CORPORATION 

BRAC.KENRIDGE. PENNSYLVANIA 

Allegheny Stainless also handled by all Joseph T. Ryerson & Son, Inc. warehouses 

W&T) A-Il.;4 
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YOU CAN PROVE TO YOURSELF 

IN FIVE SECONDS... 

OIIODV CTS j 
THIS-NOT THIS 

That new BH Fiberglas "extra 
Flex"Sleeving is more flexible 
than saturated sleeving 

WE'VE TOLD YOU about the non -fraying quality of 
the new BH Sleeving. But don't forget the extra 
flexibility we've built into it. You can prove this 
to yourself with the five -second test of sleeving 
flexibility: 

Obtain from us a sample of BH Extra Flexible 
Fiberglas Sleeving equal in size to the saturated 
sleeving you use now. 

Following Figure 1, hold eight -inch lengths of 
both BH Extra Flexible Fiberglas Sleeving and 
saturated sleeving between the thumbs and fingers 
of both hands. Stretch both sleevings to make 
them straight. 

Now release the sleeving ends held in your left 
hand. Instantly, the new BH Fiberglas Sleeving 
will fall limp, proving its extra flexibility. The 
saturated sleeving will remain straight, practically 
inflexible. The comparison is shown in Figure 2. 

NON -FRAYING FLEXIBLE HEAT -RESISTANT 
,NON -INFLAMMABLE WATER-RESISTANT 
NON -CRYSTALLIZING at LOW TEMPERATURES 

The new BH Extra Flexible Fiberglas Sleeving is 
woven from the choicest continuous -filament Fi- 
berglas yarns. It possesses high dielectric strength, 
is water-resistant and, like all BH Sleeving and 
Tubing-is non -inflammable. 

All sizes from No. 20 to %", inclusive, are avail- 
able. Write for samples of this radically new and 
different sleeving today-in the sizes you desire. 
Seeing is believing! Bentley, Harris Manufactur- 
ing Co., Dept. E, Conshohocken, Pa. 

NON -BURNING IMPREGNATED MAGNETO TUBING NON -BURNING FLEXIBLE 

VARNISHED TUBING SATURATED AND NON -SATURATED SLEEVING 

BENTLEY, HARRIS MANUFACTURING CO. 
Conshohocken, Penna. 
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that may suggest short cuts on your circuits 

Simplified circuit of 
ELECTRONIC PHOTOLIGHT 

for superspeed photography 

> ,)g 

ON-OFF 
SWITCH 

RECTIFIED POWER SUPPLY 

This photolight is especi- 
ally valuable in the pho- 
tographic study of vibra- 
tion, Fluid flow, and 
ballistics. Here it "stops 
running water in a strange, 
ice -like form. 

Tx G -E photo- 
li.ht for very 
h sh-speed pho- 
to sraphy is pri- 
n.aily of interest 
is research work. 
It illuminates 20 
sajare Feet. 

*just 'n a series of 
ac's ilia will outline 
reu Jeis being done 

yranol capac- 
itors. 

VACUUM OR ELEC- 

TRONIC SWITCH 

2. 
Q 

IN THREE SECONDS this small Pyranol capacitor 

accumulates enough energy to discharge 4,000,000 watts 

in four millionths of a second through a mercury lamp, 

producing ci flash one -fifth as bright as the sun's surface. 

FEATURES THAT MAKE IT EASY FOR YOU 
TO DESIGN WITH PYRANOL CAPACITORS 

COMPACTNESS-High capacitance per cubic inch, because of 
the unusual dielectric properties of Pyranol.t 

SPACE -SAVING SHAPES-Many of the ratings are available in 
oval, cylindrical, or rectangular cases to make your design 
problems easier. 

CONVENIENCE-They will work equally well mounted in any 
position. 

DEPENDABILITY-Hermetically sealed for permanence and 
uniformity of characteristics. 

They have long life because of the superior materials used, 
supervised manufacture, and individual testing. Write for our 
time -saving catalogs on a -c (GEA -2027) or d -c (GEA -2621) types. 
They cover our complete line. General Electric Company, 
Schenectady, N. Y. 

tPyranol is the G -E trade name for askarel, the synthetic, noninflammable liquid used 

in treating G -E capacitors. 

GENERAL ELECTRIC 
-1V 3-5700 
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the Performance of the 

s 

ACRO 
SNAP -ACTION 
SWITCHES 

Rising preference for ACRO 
snap -action switches is due to the amazing per- 
formance of the patented Rolling Spring-the 
heart of the switch. One spring actually triggers 
the other-giving quicker contact break, firmer 
contact pressure and eliminating friction. Open 
blade switch, in single pole or 2 pole, is rated 
15 amps on 115 volts A.C., or 71/2 amps on 230 
volts. Made normally open, normally closed or 
double throw. Approximately 3" long and th" to 
1" widths. Approved by the U. S. Army Air Forces 

and used on all types of war equipment. If your 
future production is not yet planned for ACRO 

switches, write us details of your particular 
needs now. 

ACRO ELECTRIC COMPANY 
1316 Superior Avenue Cleveland 14, Ohio 

New York, Chicago, Buffalo, Detroit, Dallas, Omaha, St. Paul, 
Kansas City, Memphis, Tampa, Baltimore, New Orleans, 

Pheonix, Los Angeles, Dayton, Toronto, Canada 

Two Pole Open Blade Switch With 
Independent Circuits Controlled by One 

Actuation. 

Acre Midget Switch Designed With 
Actuating Pin Below. 10 Amps of 115 

Volts A. C. 11/2" long. 

meter circuit is 10' amp. With the 
circuit values shown, this will pro- 
duce in 2.0 seconds approximately 
a 0.1 percent loss of charge from a 
1/1000 -second exposure. The meter 
needle therefore holds its maxi- 
mum position amply long for a 
reading. Careful balance, generous 
feedback, and a voltage regulator 
tube afford all the stability in re- 
spect to line voltage fluctuations 
that could be desired. 

It is interesting to note that the 
normal 4 -percent 120 -cps modula- 
tion of light intensity obtained 

Circuit of electronic components in the 
shutter speed meter. The phototube is 
actuated by light from a small spot. 
light passing through the camera shut- 
ter and lens. A conventional power 
supply is used to provide the B 

voltage 

with a tungsten lamp on 60 -cps a.c. 
produced no appreciable error in 
respect to readings taken with d.c. 
connected to the lamp. 

The Shutter Speedometer intro- 
duces to the field of photography a 
simple, inexpensive instrument for 
measuring shutter speeds easily 
and accurately (in daylight) on all 
types of cameras as fast as the 
shutter can be operated. It can also 
be used to set flash bulb synchron- 
izers by arranging the bulb to send 
its light through the lens and set- 
ting the synchronizer to obtain max- 
imum deflection on the timer. 

BIBLIOGRAPHY 

(1) Gray, S. life$., Photo Technique, 1, 
p. 14, August 1939 

(2) English, F. L., American Photog- 
graphy, 23, p. 887, December 1939 

(3) Maude, H., Photo Technique, 2, 
p. 71, June 1940 

(4) Roger, T. A. & Robertson, B., The 
American Annual of Photography, 1940 

(5) Tawney, G. L., Photo Technique, 1, 
p. 34, March 1940 

(6) Long & Blair, The Photographic 
Journal (London), August 1934 

(7) U. S. Patent No. 2,274,158 covering 
the above -described Shutter Speedometer. 
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Smooth Action 

with Smooth Power motors 

* Whatever kind of a job .you may have 
for small motors, you'll probably find 
General Industries Smooth Power motors 
doing similar types of work. They may be 

operating turntables or record changers, 
powering motion displays or driving re- 

cording mechanisms or industrial controls. 
Whatever the work may be, these Smooth 
Power motors do it smoothly, quietly and 
according to specifications. 

Quite likely, the motors you need will be 

found in the long line of standard Smooth 
Power motors. But if they're not-if your 
product calls for special service or char- 
acteristics, then our engineering staff can 
adapt a standard model or design a new 
one for your specific needs. 

Or, if you're planning new electrical or 
mechanical devices of comparatively small 
size, that call for motors or metal fabrica-. 

tion, or both, we suggest you remember 

General Industries as a source of reliable 
assistance. Right now, our plant and facili- 
ties are at work for Uncle Sam, but when 
his present business is satisfactorily con- 

cluded, we'll be ready again to start de- 

signing and building peacetime products. 
We'd like to have you call upon us. 

THE GENERAL INDUSTRIES COMPANY 
ELYRIA 

THE 

G 

OHIO 

ENERAL 
NDUSTRIES 

COMPANY 

c_S/`l'LOUyL 
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"We knew that 

AMERICAN PHILLIPS SCREWS 
Make Stronger Fastenings Faster... 

Now we know, too, that they Cost Less to Use!" 

pHILIIPS SCREWS 
E THE 

RECESS 

ENGINEERED,oNv ENGINEERED, 

Anyone can see that American Phillips 
Screws are the fastest and easiest means 

of assembly, as well as the most effec- 

tive protection against spoiled work. 
And those who scan the cost -sheets can 

see, too ... how quickly American 

Phillips Screws write off their own 
investment and build a healthy 
margin over on the credit side. 

These savings come both from 
Phillips engineered design of tapered 
recess and driver ... and from Ameri- 
can production -control which consist- 
ently delivers screws of uniform quality 
and size, individually inspected for 
accuracy and serviceability of head, 
thread, and point. So "buy American," 
and get these savings for yourself. 

AMERICAN SCREW COMPANY 
PROVIDENCE 1, RHODE ISLAND 

Chicago 11: 589 E. Illinois Street Detroit 2: 502 Stephenson Building 

. .. ttkA here's 

WHY American 

!`hThips Screws 

COST LUS n 
tiny rrele 
f3 arrar job 

1. Faster Starting-One hand holds 2. Cleaner Fastenings,-every time. No 
driver, other holds work. No wob- slanted screws to back out. No gouged 
tiling, no dropped screws. Phillips work -surfaces, or burred screw -heads. 
screw and driver remain as one self- Even unskilled workers get skilled re- 
aligned unit until screw is driven. sults right from the start. 

Put the Screws on the Axis ... BUY WAR BONDS! 
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Friend or Foe? 

Breeze Radio Ignition 
Shie ding h engineered to 
deli ;ner_' special require - 
men -s. L»k to Breeze for 
the ;o'u- .n to your shield- 

ie5 prDblems. 

Over Africa recently a flight of American bombers on their 
way to a target received radio instructions to change course 
and attack a different objective. Because of the clarity of re- 
ception, an alert operator was able to take a bearing on the 
signal-only to find that it was coming from the enemy. A call 
back to base brought out our fighters, who proceeded to the 
false target and destroyed thirty out of forty-five Messerschmitts 
which were lying in ambush for the flight of American bombers. 

Perfect and undistorted reception 
and transmission of signals made 
possible the victory related above. 
Breeze Radio Ignition Shielding, 
which effectively guards against the 
radiation or absorption of radio - 
frequency interference, maintains a 
dependable "quiet zone" for static - 
free communication. 

Pioneers in developing Radio Igni- 

emeze 
CORPORATIONS, INC. 

tion Shielding, Breeze has designed 
and produced shielding harnesses for 
hundreds of types of aircraft, marine, 
and automotive engines. This equip- 
ment, now being produced in ever- 
increasing quantities, supplements 
the many other items of the well- 
known Breeze line of accessories for 
America's fighting units of land, sea, 
and air. 

NEWARK, N. J. 

ELECTRONICS-May 1944 

PRODUCTION FOR VICTORY PRODUCTS FOR PEACE 

175 



WORLD FAMOUS man 
OSCILLOSCOPES by UNINIO 

Use Capacitors by 

INDUSTRIAL CONDENSER 
CORP. 

Capacitors used in Dumont's famous oscillo - 

es ecially designed, engineered 
scopes are p 

and manufactured 
for unusual perform- 

ance under difficult operating conditions. 

PAPER, OIL &ND ELECTROLYTIC CAPACITORS 

INDUSTRIAL 
CONDENSER 

CORPORATION 
1725 W. NORTH AVE., CHICAGO 22, U. S. A. 

DISTRICT OFFICES IN PRINCIPAL CITIES 
QUICK DELIVERY FROM DISTRIBUTOR'S STOCKS 

Fluxmeter Uses Lightbeam 
A NEW FLUXMETER, applicable wher- 
ever permanent magnets or d -c 
electromagnets are used, is similar 
to a lightbeam galvanometer and 
has a suspension -type element. It 
uses search coils, which may be 
made by the user, to provide a 

ready means of handling a wide 
variety of magnetic measurements. 

The fluxmeter principle has been 
recognized for a long time as hav- 
ing definite advantages for certain 
magnetic measurements. Ideal per- 
formance has been difficult to ob- 
tain since previous designs have 
been limited to low sensitivity, 
pivot friction or fragility, factors 
that make industrial applications 
difficult. 

The principle of operation of the 
fluxmeter is illustrated in the dia- 
gram. When magnet M is moved 
with respect to search coil S, a 
change of flux linkages occurs and 
a voltage is induced in the search 
coil. Current flows in the circuit 

- 

wEN AND LONER 
SUSPENSION MTN 
NO EFFECTIVE 
CONTROL TORQUE 
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wl 
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ti 

NAVE, 

CONTRA 
SO[ 

The circuit of a simple fluxmeter illus- 
trates the principle of operation 

and the fluxmeter moving coil, sus- 
pended in a strong magnetic field, 
begins to rotate at high speed, just 
as though it were a d -c motor. The 
rotation develops counted emf that 
tends to reduce the current in the 
circuit to zero. The tendency, 
therefore, is for the fluxmeter coil 
to always follow the flux change in 
the search coil. The suspension 
exercises no effective control torque, 
hence there is no tendency for the 
coil to return to any definite scale 
position and the reading is main- 
tained until returned to zero. 

Unlike conventional permanent 
magnet moving -coil instruments, a 
fluxmeter has no spring to provide 
countertorque. Hence, an ideal 
fluxmeter would act like a micro - 
voltmeter of infinite sensitivity. 
Practically, this means that any 
small spurious voltages in the cir- 
cuit will tend to cause a continuous 
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Tomorrow, too, 

the spotlight 

will be on .. . 

1940 -PERSONAL RADIO 

THERE have been many dramatic moments when radio 
history was made. 

One of them came four years ago... 

' June, 1940: The curtain slowly rises. Suddenly a spotlight 
flashes on, sweeps across the dark stage, picks out an 
unbelievably tiny radio set = less than 3 inches high, 
3% inches wide, 8'/s inches long. Radio's newest marvel 
is unveiled-the "Personal Radio "-made possible be- 

-cause of 4 entirely new -type RCA tubes, called Miniatures. 

War - today: A paratrooper lands behind enemy lines. 
L Something else has arrived seconds ahead of him - 

dropped, as he was, from the sky. The tiny beam of his 
flashlight flicks on - probes the dark - and he finds it: 
his victory -vital "Handie-Talkie,': made possible again 
through Miniature tubes. 

Tomorrow, too; the spotlight will be on Miniatures, 
for once Victory is won, Miniatures will play an increasingly 

194-1-HANDIE-TALKIE 

BUY MO BONDS 

important part in the many new radio and other electronic 
devices you designers will create. 

RCA, eager to help, will gladly advise you now which 
Miniatures will be among the tube types most likely to be 
included in RCA's post-war "Preferred Type Tube" list. 
If you want this information, simply write to RCA, 
Commercial Engineering Section, 704 South 5th Street, 
Harrison, New Jersey. 

The Magic Brain of all electronic equipment is a Tube 
and the fountain -head of modern Tube development Is RCA 



ti, public servant number one! 
The unseen electron, at times seemingly devoid of physical 
entity, is an industrial giant of increasing stature. Fore- 

sighted industrialists, pouring increasing millions into the 

science of the free electron, take it sight unseen. To them 

this disembodied spirit of matter, the intangible free elec- 

tron, is a genii with a Midas touch. Versatility and efficiency 
are its very essence. Counting packages, controlling ma- 

chines and motors, differentiating colors, carrying messages, 

voices and pictures, separating materials, heating and weld- 
ing, controlling, guiding, warning, probing and detecting, it 

is a veritable fountain head of aid and inspiration to the 

industry of the world .. . . 

A MAGIC WAND TO BETTER LIVING. 

ELECTRONIC ENTERPRISES, INC. 
GENERAL OFFICES: 65-67 SEVENTH AVENUE, NEWARK, 4, N. J. 

EXPORT DIVISION: 25 WARREN STREET, NEW YORK, 7, NEW YORK 

CABLE ADDRESS: SIMONTRICE NEWYORK 

Illustration of 

Type 872-A Half Wave 

Mercury Vapor Rectifier 

Peak Plate Current 5 Amp. 

Peak Inverse Voltage 10,000 

EIITEt/AISES 
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STRAIN GAGES 1 
W t take ' 

Answe `le ' 
s Ixl 

Queston 

Here is the most simple, accurate and convenient device 
you can imagine for checking static or dynamic design 
stresses against service stresses in complex structures 
and machines. 

Some types of SR -4 gages are as small as your little 
fingernail. They can be installed any place you can 
reach to cement them down on plane or moderately 
curved surfaces. They measure strains to one part in two 
million, statically, and to nearly as small a value dynami- 
cally. They respond without loss of linearity from zero 
cycles per sec to more than 30,000. Cost is low, so units 
can be installed in quantity in large structures. 

The list shows some of the many fields where engineers 
are using SR -4 Strain Gages. Your own ingenuity will 
suggest where they can serve you. The Baldwin Loco- 
motive Works, Baldwin Southwark Division, Phila- 
delphia, Penna., U. S. A. 

SEND FOR BULLETINS 
SR-4-Strain Recorder ... Bulletin 170 
SR-4-Portable Strain Indicator... Bulletin 169 
SR-4-Scanning Recording Equipment ... Bulletin 172 
SR-4-Torquemeter ... Bulletin 165 
SR-4-Applications ... Bulletin 171 
SR-4-Applications to Shipyard Problems ... Bulletin 174 
SR-4-Bonded Resistance Wire Strain Gage... Bulletin 175 

TNF BAIOWIN 

GROUP BALD WIN 
SOUTHWARK 

TESTING EQUIPMENT 
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Ihe Keyto Efficiency 1 

Permoflux Engineering 
Means Faithful Speech 
Reproduction ..... 
After Victory, Permoflux Acousti- 
cal Developments which today 
provide sJperior intelligibility to 
America's fighting voices, will 
give improved fidelity to millions 
of entertainment instruments. 
There will be Permoflux Engin- 
eered Devices for all sound 
transmission requirements. 

BUY WAR BONDS FOR VICTORY! 

TRADE MAR< 

PERM\lFLUX 
PERMOFLUX CORPORATION 
4916-22 W. Grand Ave., Chicago 39, III. 

PIONEER MANUFACTURERS OF PERMANENT MAGNET DYNAMIC TRANSDUCERS' 

motion or "drift" of the fluxmeter 
coil. The purpose of the control 
box is to introduce an opposing 
voltage to compensate for these 
spurious voltages. 

Since the fluxmeter coil always 
tries to generate a voltage to reduce 
the current flowing in the circuit to 
zero, IR drop in the circuit becomes 
of little consequence and doubling 
the resistance of the search coil 
will produce practically no effect on 
the fluxmeter deflection. It will, 
however, tend to increase the "drift 
rate" of the light beam. 

The instrument, recently an- 
nounced by General Electric's 
Meter Division,. is shown in the 
photograph with its control box. 

This G -E fluxmeter uses a lightbeam to 
show the deflection of a galvanometer 
coil caused by current induced in a 

search coil surrounding a magnet 

This contains a dry cell, resistors, 
rheostat and switches and pro- 
vides a means of introducing the 
compensating voltage into the 
meter circuit. The control is also 
used to return the spotlight index 
to zero after a measurement has 
been made. 

High flux sensitivities are made 
possible by interchangeable gal- 
vanometers. Any of seven differ- 
ent galvanometers may be used in 
the instrument to provide sensitivi- 
ties ranging from 101 lines to 3,275 
lines per millimeter. 

Electronic Glueing of 
Shoe Soles 
AN ELECTRONIC PROCESS that at- 
taches soles to shoes by the use of 
dielectric heating to cure the ce- 
ment and weld the sole and shoe to - 
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F}pICt4t 
EAD A. Phos 

motornsilive bi.direction CONTROL 
DEVICES. 

. 

g' Multip/e 
cp 

tachometer 
switch ntaq 

pircrpft 
i;:;:,^eter vo/tage 

Motor 

COMPRISE MANY DIFFERENT TYPES . . . 

WITH A WIDE VARIETY OF APPLICATIONS 
There are many commercial and industrial fields 
to which control devices may be applied. These may 
be electrical, electronic or mechanical, depending 
upon the specific problem. The exact type of con- 
trol is determined by our engineers after thorough 
study of the particular application. The devices 
may be made sensitive to changes in position, direc- 
tion; pressure, temperature, time, voltage, current, 
humidity, light intensity or color. EAD not only 
builds control equipment to fulfill existing require- 

ments but also builds special-purpose devices for 
which no previous specifications exist. EAD makes 
components such as motors, relays, generators, 
switches, instruments, electrical parts, as well as 
complete equipment. EAD specializes in working 
with manufacturers of equipment to develop and 
supply special components with particular emphasis 
on light weight and compactness. EAD has the 
ability and facilities to design and manufacture 
precision control devices and components. 

Inquiries Invited 

<F D 
EASTERN AIR DEVICES,INC. 

An Affiliate of THE FRED GOAT CO. INC., Special Machinery Specialists Since 1893 ... 

585 DEAN STREET BROOKLYN 17, N. Y. 
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ADLAKE P/unger-type MERCURY RELAYS 

/OP 
That Stays 
"Snappy */ 

Adlake Model 1040 
For panel mounting. This relay 
can be supplied with either 
quick or time delay action; nor- 
mally open or closed; and for 
a.c. or d.c. energization. Contact 
ratings up to 100 amperes a.c. 
with proportional d.c. ratings. 

Hermetically Sealed 
Contact Mechanism 

Contact mechanism of Adlake plunger -type mer- 
cury relays is hermetically sealed in an armored 
glass or metal cylinder. Dirt, dust, moisture, or 
oxidation cannot interfere with operation-in any 
way or at any time. 

The liquid metal mercury contact is positive in 
action, chatterless, silent, and impervious to burn- 
ing, pitting, and sticking. 

For many kinds of service, no other type of 
relay provides equal stamina and dependability. 
Request complete bulletin. 

"Back the Attack-Buy Bonds" 

MERCURY moves fast. You know that because 

you've seen it in action. Due to this inherent 
characteristic of mercury, Adlake plunger -type 

mercury relays provide the snap action so desirable 

in a relay when contact is made-or broken. 

There is positively no tendency toward 
"molasses in January" operation in these relays. 

Their action is "snappy" and it stays '`snappy"! 

HOW THEY WORK 

ENERGIZED-Coil C pulls plunger 
P down into mercury. Mercury 
thus displaced enters thimble T 
through orifice O. Inert gas in 
thimble gradually escapes through 
ceramic plug CP-thus producing 
time delay. 

ENERGIZED-Mercury now fills 
thimble T, is completely leveled off 
and mercury -to -mercury contact 
established between electrodes E 
and EE. Degree of porosity of 
ceramic plug CP determines length 
of time delay. 

THE Avtins ThSTLAKE OIPHY 
ESTABLISHED IN 1857 ELKHART, INDIANA NEW YORK CHICAGO 

MANUFACTURERS OF ADLAKE SPECIALTIES AND EQUIPMENT FOR RAILWAY, AIRWAY, HIGHWAY, AND WATERWAY 
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A NEW 4ie C) i 

ACTUAL 
SIZE 

Developed for Important 
War Application-Ideal for 
Peacetime F.M. and Television 

IGH Frequency applications have a way 
of throwing existing component designs 

into the discard. Short, heavy leads, low 
series inductance, and other design factors 
assume greater importance. 

Erie Resistor had already had considerable 
experience in designing tubular and disc ce- 
ramic capacitors, and button type silver mica 
condensers for V.H.F. and U.H.F. equipment. 
Thus, when engineers from one of the coun- 
try's foremost research and development lab- 
oratories came to Erie Resistor with a new 
capacitor design problem, the answer was 
quickly forthcoming, in the form of a basic- 
ally new style of Erie Ceramicon, pictured 
above. Approximately 60 days later, finished 
units were being delivered for the extremely 
urgent communications equipment for which 
they were designed. 

EOR NIGH ACHIEVEMENT 
IN MAR PRODUCTION 

RE G. U.S. PAT. OFF, 

for V.H.F. CIRCUITS 

ERIE STAND - OFF CERAMICON 
Maximum Capacity 

17 MMF.-zero temperature coefficient 
30 MMF.-330 P/M/°C " 
75 MMF.-750 P/M/°C " 

Minimum Capacity, 2 MMF. 

Minimum Capacity Tolerance ± 0.5 MMF. 
Available Temperature Coefficients + 100 to - 750 P/M/°C. 

This compact, stand-off Ceramicon has 
mechanical advantages that permit it to be 
rigidly mounted, and support other circuit 
elements. Electrically, this Erie stand-off Ce- 
ramicon has a high resonant frequency, and 
short electrical path to both silvered plates. 
The stability and retrace characteristics of 
Erie temperature compensating Ceramicons 
are inherent in this new unit. 

Is there a place for this new component in 
your designs for war or peacetime communi- 
cations equipment? Or if you have any other 
design problems involving resistors or con- 
densers, our engineers will be glad to discuss 
them with you. 

Seed to uccd eedeu a« 

ERIE RESISTOR CORP., ERIE, PA. 
LONDON, ENGLAND TORONTO, CANADA. 
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Probably the most important single factor in modern 
warfare is complete, dependable communications. De- 
pendable communications require a dependable power 
supply. Pincor is proud of its part in furnishing portable 
gasoline -driven and other electrical power supply units 
to the fighting front as well as ta the home front. 

Look to Pincor for your postwar needs in power plants, 
motors, converters and battery chargers. 

DYNAMOTORS ... CONERTERS 

GENERATORS .... D C MOTORS 

POWER PLANTS...GEN-E-MOTORS 

BUY WAR BONDS! 

PIONEER GEN -E -MOTOR 
5841 W. DICKENS AVE. 
CHICAGO 39, ILLINOIS 
EXPORT ADDRESS: 25 WARREN STREET, NEN YORK 7, L. 5. A. CABLE ADDRESS: SIMONTRICE, NEW YORK 

Two metal foils, mounted along the 
edges of a layer of adhesive, provide 
electrodes for the application of rt 

energy in glueing shoe soles 

gether has been invented by G. 
Hart, Jr. and E. E. Winkley of 
Lynn, Mass. Their method has been 
adopted by the United Shoe Ma- 
chinery Corp., Flemington, N. J. 
and is expected to save the rela- 
tively long period of drying under 
pressure now necessary in present 
shoe cementing operations. 

The method consists of attaching 
to the sole a strip of metal foil run- 
ning parallel to the inner edge of a 
band of adhesive and another foil 
close to the outer margin of the ad- 
hesive, preferably upon the periph- 
ery of the shoe sole. For strength 
at points of contact with electrodes 
of the r -f generator, a folded strip 
reinforced with cord may be used. 

The two foils thus form capaci- 
tor elements which, when connected 
to a course of high -frequency r -f 
power, produce electrostatic. heat- 
ing of the adhesive. This quickly 
sets the glue and secures the sole 
to the insole of the shoe. 

Measurement of Filter 
Chokes 

BY L. R. MALLING 

DETERMINATION of the inductance 
of iron -cored reactors carrying di- 
rect current presents certain prob- 
lems which are difficult to overcome 
with conventional measuring tech- 
niques. A method is proposed that 
not only overcomes the problem of 
the superimposed direct current 
but also enables the inductance to 
be measured with a high alternat- 
ing current component. The meth- 
od is particularly applicable to the 
measurement of iron -cored react- 
ors of the type used in the first 
section of filters supplying d -c 
power to electronic devices. 

The circuit is shown and con - 
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"MOISTURE" CHART 
Showing how resistance is increased in 
one type of Durez phenolic over another.' 

TYPE 
OF 

MATERIAL 

A DUREZ 
"GENERAL 

PuRPO SE" 
PHENOLIC 

EXPOSED TO WATER EXPOSED TO SATURATED AIR 

% GAIN IN WEIGHT % GAIN IN LENGTH % GAIN IN WEIGHT % GAIN IN LENGTH 

S d. I me. 2 me. 1 yr. S d. I es. 2 me. 1 yr. S d. 1 mo. 2 me. I yr S d. I me. 2 me. 1 y.. 

1.3 4.0 6.1 8.2 0.1 0.6 1.1 1.8 1.4 4.4 6.8 8.3 0.1 0.5 1.1 1 8 

A TYPICAL 
DUREZ 

"SPECIAL 
PURPOSE" 
PHENOLIC 
IN WHICH 

RESISTANCE 
HAS BEEN 
INCREASED 

0.0 0.0 0.7 1.6 0.0 0.0 0.1 .35 0.0 0.0 0.7 1.9 .0.0 0.0 0.1 0.37 

'All exposure Web were made at ream temperature. - 

When it's 

"WATER, WATER 

EVERYWHERE" 
How certain Durez phenolic 
plastics resist long exposure 
to water and excess humidity 

A subject of frequent discussion 

among radio and electrical engi- 

neers is the resistance of various 

plastic materials to moisture and 
saturated air. Field and laboratory 

data from our own files provide 
interesting reading on the subject. 

Our laboratory skill and experience 

have brought forth phenolic plastics 

which are practically unaffected by 

moisture conditions. True, some- 

times other properties may be sac- 

rificed. Yet an ideal compromise 

is usually worked out to everyone's 

complete satisfaction. 

One case history. shows that a 

Durez phenolic finally proved to be 

the answer to an insulating prob- 

lem for a part exposed to high 

humidity. 

In another instance a Durez phe- 

nolic eliminated warpage. The 
manufacturer had been having con- 

stant trouble in maintaining the 

fixed spacing of integral parts in 

the presence of moisture. Resist- 

ance to warpage is obviously im- 

portant for both electrical and 
mechanical reasons. 

Just to pick another experience at 

random, a Durez phenolic was 

chosen to safeguard surface appear- 

ance because a hard Durez surface 

resists abrasion and scratching. 
Absorption is often increased when 

'the surface is damaged. 

The chart shown above illustrates 

how moisture resistance is increased 

in one Durez phenolic. More 
complete data is available on this 

phenolic and scores of others, and 

we should be glad to send all of it to 

you. At any time a Durez repre- 

sentative is glad to sit down with 

you for a discussion of any plastic 

material problem, and our techni- 

cal data is always at your disposal. 

Durez Plastics & Chemicals, 

Inc., 85 Walck Rd., North Tona- 
wanda, N. Y. 

PLASTICS THAT FIT THE JOB 

10os 

% 

Pj 
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Just a few years ago, it was mighty important to 
make a gasket that would go around a corner with- 
out a wrinkle. A gasket that would seal an ice -box 
at a housewife's finger touch. 
Some day it's going fo be important again. Right 
now it's vitally important to seal bomber doors and 
tank hatches. Seal them so that it takes more than 
the iron touch of tyrant's steel to blast them open. 

Johnson makes both kinds. Right now the only kinds 
that are being made are off to war and the skills 
that made Johnson first to produce a gasket that 
would "go around a corner" without a wrinkle are 
doing yeoman's service today. 
There will come a day, though, when we all have 
to think about transferring the boys' names from 
the honor roll to the pay roll, and getting back fo 

our regular job of supplying a peacetime market. 
To meet that great day with a minimum of time 
waste is important to the boys coming back .. . 

and important to you. 
Lay your plans now. Let us help you. Johnson engi- 
neers and designers can help you solve problems 
in your post war products ... and come up with the 
right answers in the right kind of rubber in the 
specific part you need .. . 

and this precision in rubber 
perfected in wartime will 
serve you well in peacetime. 

We will be ready to supply you when 
Me time comes .. . but the time to 
think about it and plan ahead is now 

.. not then. 

Make Rubber Stocks 

STRETCH 
They are a war- 
time weapon! 

The JOHNSON RUBBER CO. se Middlefield, Ohio 
MOLDED & EXTRUDED RUBBER PARTS FOR INDUSTRY'S VITAL ASSEMBLIES 

Indispensable in War-Essential in Peace 
Since 7896 
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Type 0W-53 d -c voltmeters, am- 
meters, and volt -ammeters. De- 
igned to measure voltage and 

current In battery and battery - 
charging circuits on naval aircraft.. 
They meet all applicable ttlevy 
specifications. 

SEE THE SIMPLICITY AND STRENGTH OF THEIR DESIGN 

Note the few simple 
parts, and how 
strength is built in 
by solidly bolting 
the element to the 
one-piece, cast- 
comol magnet. 

ELEMENT MAGNET BOTTOM BRIDGE 

The same studs that 
bolt the element to 
the magnet extend 
through the strong 
Textolite base, mak- 
ing a rigid, compact 
structure. 

ELEMENT ASSEMBLY 

SCALE PLATE ELEMENT ASSEMBLY BASE ASSEMBLY STRONG THIN INSTRUMENT 

...built for tough jobs and long life 
COMBAT service on aircraft and in military radio is the crucial test 

for any electric instrument. To meet the requirements of such 
severe service, G -E engineers went to extremes to gain simplicity and 
strength in the design of these new panel instruments. 

What isn't shown clearly in the pictures above is the internal -pivot 
construction and how the pivots are mounted to the inside of the arma- 
ture shell instead of being secured to the outside of the armature wind- 
ing. The pivot shank actually extends through the armature shell, and 
is anchored firmly on both sides of the shell by pressing two brass washers 
over the pivot shank. This construction makes the entire element as- 
sembly 20 per cent thinner. 

There are many other features: large -radius pivots, hard -glass jewels, 
good damping, and ample clearances between stationary and moving 
parts. Added up, these features give you an instrument well able to with- 
stand vibration and hold its rated accuracy. 

If you want the complete story of how these instruments pack all- 
round fine performance in a small space, ask our nearest office for Bulletin 
GEA -4064, which covers instruments used for radio and other com- 
munications equipment; or Bulletin GEA -4117 which describes those 
suitable for naval aircraft. General Electric Co., Schenectady 5, N. Y. 

GENERAL ELECTRIC 

for radio end other communise 
lions services Type 0W-51 d -c 
voltmeters, ammeters, milliatn- 
meters, microammeterss Type DW- 
52 radio -frequency ammeters (e -s 
thermeceupie-type). Cases ere 
brass or molded Terctoiite, 

HEADQUARTERS FOR 

ELECTRICAL MEASUREMENT 
802-46-6200 
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Quick 

One call to Allied ... and your pro- 
curement job is done! There's no lost 
time - no waste motion. Today's 
largest and most complete stocks are 
concentrated here under one roof... 
Over 10,000 electronic and radio 
items ... ready for rush delivery to 
the Armed Forces, Government, In- 
dustry and Research Laboratories. 
What's more ... close contact with 
all leading manufacturers enables us 
to simplify and speed procurement 
of many diversified needs. You deal 
with one source, instead of many. You 
send one order for everything. Whether 
you need one item or a hundred .. . 

save time and work ... Call Allied 
First. Thousands do. 

Write, ll'Vire, or Phone Haymarket 6800 

ALLIED RADIO CORP. 
833 W. JACKSON BLVD., DEPT. 24-E-4, CHICAGO 7, ILL. 

FREE 
Today's Most 

Complete 
Helpful 

BUYING 
GUIDE 

NEW Rapid R -F Resonance and Coil Winding Calculator 
New, dual-purpose Calculator devised by Allied for fast 
and accurate determination of resonance factors and 
coil winding data. Simple, easy to use. Send for it now. 
No. 37-955. Price net, only 25c 

OVER 10,000 ITEMS-such as: 
Tubes Transformers 
Condensers Relays 
Capacitors Switches 
Resistors Rectifiers 
Rheostats Wire & Cable 
Coils Crystals 
Sockets Speakers 
Photo Cells Receivers 
Batteries Training Kits 
Chargers Code Equip. 

Microphones 
Headphones 
Public Address 
Meters 
Test Equip. 
Intercom. 
Power Supplies 
Converters 
Generators 
Tools 

sists essentially of a two -tube posi- 
tive feedback oscillator with a 
resonant LC circuit in the plate of 
the second amplifier tube. The 
reactor to be tested forms part of 
the LC circuit and the resonant fre- 
quency is compared with the 60 - 
cycle power supply frequency. An 
oscilloscope enables a visual com- 
parison to be easily and accurately. 
made. 

Circuit 

In the circuit, resistor R, controls 
the amount of feed back applied to 
the grid of tube VT,. The bias of 
the second amplifier tube VT, is 
controlled by resistor R, which thus 
controls the plate current drawn by 
this tube and the current through 
the reactor L. Resistor R. is a vari- 
able control which enables the a -c 
component across the reactor to be 
varied. The alternating voltage 
built up across the reactor is ap- 
plied to one set of plates of the 
oscilloscope and a voltage obtained 
from the 60 -cycle power supply is 
applied to the other set of plates. 

For measurement, the resistor 
R, is set so that the meter M reads 
the required value of direct current 
in the reactor. Resistor R1 is then 

Novel circuit for determining the induct- 
ance of an iron -core reactor while 
carrying the normal amount of direct 

current 

adjusted so that the positive feed- 
back is just sufficient for oscilla- 
tions to occur across the combina- 
tion of inductor L and capacitor C. 
Accurate adjustment of this feed- 
back control is required to avoid 
overloading of the second ampli- 
fier tube VT, with consequent wave- 
form distortion. The variable ca- 
pacitor C, which might be a decade 
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TO MEN WHO ARE THINKING ABOUT 

THE WORLDOF TOMORROW: 

Remember the World's Fair of 1939-40? Remem 

ber the truly amazing things it promised us .. 

for the wonderful world to come? Well, all 

those phenomenal accomplishments of science... 

plus many that no one ever dared to even dream 

about in those halcyon days ... will be ready for 

you when the time comes for conversion to peace- 

time production This forward -thinking organi- 

zation... one of the largest and most advanced in 

the Electronics field ... is now engaged all-out in 

war production But many of the developments 

in which it pioneered are readily adaptable to 

ultra -modern, automatic production methods 

Our Engineering Department will gladly collabo- 

rate with yours in determining now just what part 

Electronics will play in your World of Tomorrow. 

INDUSTRIES 
_/9AGUIR,E INDUSTRIES, INC., GREENWICH STA.MFC3RD IIRIDG£PpPT 'HE W,tii!EFQPD NEW Y^RK 
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Quality... 
"FOR GREAT 

ACHIEVEMENT" 

r 
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Ste.4ez-ti 

Variable Pitch Coil 
Easily and inexpensively made 

by the Stupakoff process 

STUPAKOFF quality is assured by the con- 
stant research of its engineering staff ... by 

rigid inspection of its alert "quality -trained" 
workers... by modern manufacturing facilities 
.. by wide technical and engineering knowl- 
edge gained through years of experience in 
producing every type of ceramic used by the 
electronic industry. 

Quality is the result . . . quality that assures 
unfailing performance wherever Stupakoff 
ceramics are used. 

Let's All Back The Attack-Buy EXTRA War Bonds 

STUPAKOFF CERAMIC AND MANUFACTURING CO., LATROBE, PA. 
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Steelductor ignition cable which has proved 
its advantages on the majority of America's 
fighting planes is typical of the wire and cable 
advancements Auto -Lite has helped perfect. 

Controlling factors for wire and cable vary 
greatly . . . limited space, unusual shape, 
weight restriction or cost. Insulation is often 
of paramount importance. Butyrate Tape and 
Vinylite are two types being used for lighting 
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and low tension circuits in radio production, 
aircraft construction and other vital war needs. 

Our business has been built by supplying 
wire and wire products that solve problems for 
designing engineers and manufacturers. What- 
ever you need, unusual shapes, sizes 
or special insulation requirements 
... feel free to write us for authori- 
tative recommendations. 

THE ELECTRIC AUTO -LITE COMPANY 
Wire Dnision PORT HURON, MICH. 

TUNE IN "EVERYTHING FOR THE BOYS" STARRING RONALD COLMAN - EVERY TUESDAY NIGHT - NBC NETWORK 
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NOTE: 
SPECIFY FINISH ON PARTS 
LIST AND PURCHASE ORDERS 

SOURCE: 
MAN U FACTURERS 
SCREW PRODUCTS 
CHICAGO 10, ILLIN 

STRONGHOLD fasteners are TOUGH, clean, 
accurately formed and threaded, made to 

precision tolerances. The quality is rigidly con- 
trolled by uncompromising inspections at every stage of 
production-from raw materials to shipping room. 
These are FIGHTING FASTENERS that stand up under shock 
vibration and stress-for war or peacetime production. Tell 
us what you use and we'll send you samples. 

ALUMINUM WASHERS 
Delivered From Stock In All Popular Sizes 

No delay on aluminum or aluminum alloy washers 
from standard dies. Prompt service on "specials" 
-also brass and steel in any plating-AN or 
commercial specifications. 

Ask for Samples 

Fast Deliveries On 

MACHINE SCREWS 
ALL METALS, heads, threads, points and plat- 

ings. Clean-no burrs on slots. No under- 
size or oversize screws. Correct tolerances to 
AN or commercial specifications. 
Prompt quotations on "Specials." All supple- 
mentary operations such as drilling, multiple drill- 
ing, knurling, slotting, etc. 

Samples on Request 

It's Faster to Telephone-Call WHltehall 4680 

MANUFACTURERS SCREW PRODUCTS 
270 West Hubbard Street Chicago 10, Ill. 

box, is then adjusted until a sta- 
tionary circular or elliptical pattern 
is obtained on the oscilloscope. This 
indicates that there is a constant 
phase relationship between the two 
frequencies applied and that the 
frequencies are identical. The in- 
ductance may then be determined 
from a reactance chart or by cal- 
culation from L = 1/w2C, where 

= 27f and f is the power line fre- 
quency. 

The resistor Re is adjusted to 
give the required magnitude of the 
a -c component across the inductor. 
This latter may be measured with a 
vacuum -tube voltmeter. As R3 is de- 
creased, the Q of the LC circuit 
drops with a reduction of the alter- 
nating potential across the induc- 
tance or cessation of oscillations. 
The oscillating conditions may be 
restored by adjustment of R,. 

Alternating potentials of the or- 
der of a hundred volts are easily 
obtained across the resonant cir- 
cuit. The current through the re- 
actor may be increased to any de- 
sired value by operating tubes in 
parallel with VT, or by the use of 
a larger amplifying tube. For ease 
of reading, the capacitor decade 
box may be calibrated directly in 
terms of inductance. 

Electronic Mail Sorting 
SORTING OF LETTERS in post offices 
by means of photoelectric equip- 
ment was suggested by W. C. 
White, engineer in charge of the 
Electronics Laboratory of General 
Electric Co., in addressing a recent 
meeting of the Purchasing Agents 
Association at Schenectady. 

"Consider all the routine that 
takes place in connection with the 
delivering of a letter by our postal 
system. It is picked up and brought 
to the post office in the city from 
which it is being sent. Here it must 
be looked at and consigned to a cer- 
tain large city or district of the 
country. When it arrives at this 
destination, it is again looked at to 
be forwarded to some sub -division 
or postal sub -station. Here again 
it must be examined to route it to 
the particular mail carrier district 
in which the one to whom it is ad- 
dressed is located. In all of these 
cases, much routine work is in- 
volved and, when we consider all 
the millions of letters in transit all 
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Antonio Stradivari, 
Master Violin Maker of Cremona, 

Italy; 1644 - 1737 

\\\ 
Craftsmanship 

In vivid contrast with modern methDds of mass production are those rare 

masterpieces of solitary craftsmen who sought and found perfection of artistry in 
their handiwork. Immortal through their works are such names as Stradivarius, 

Rembrandt and others whose ideals of craftsmanship have set our highest standards. 
Nor has the accelerated and expanded use of modern electronic instruments 

destroyed those ideals of craftsmanship. In such noted examples of RAULAND 
Electroneering* as High Powered cathode Ray Tubes, Frequency Standards, Precision Tuning 

Condensers, Two -Way Radio, Intercommunicating and Sound Control Units, all custom - 
engineered for specified tasks, may be seen the hand of master craftsmen- 

whose products of advanced engineering and precision workmanship will 

one day be open to unrestricted use for benefit to all mankind. 

* Electroneering-the RAULAND term for engineering vision, design and precision manufacture. 

RADIO ... SOUND..:' ,..COMMUNICATIONS 

Electroneering is our business 
THE RAULAND CORPORATION ... CHICAGO, ILLINOIS 

Buy War Bonds and Stamps! Rauland employees are still investing 10% of their salaries in War Bonds 
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MODEL 402 
MULTIPLIER' 

0.00002 TO 10,000 VOLTS 

This enormous range of voltages-five hundred 
million to one-is accurately covered by our 
Model 300 Electronic Voltmeter and some of the 
accessories shown above. Frequency range 10 to 
150,000 cycles. Accuracy 2% over most of the 
range. AC operation. Five decade ranges with 
logarithmic scale make readings especially easy. 
Uniform decibel scale also provided. May also 
be used as a highly stable amplifier, 70 DB 
gain, flat to 150,000 cycles. 

MODEL 220 
DECADE 

AMPL!FEER 

BALLANTINE LABORATORIES, INC. 
t30()NTON, NEW JERSEY, U.S.A. 
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ZIRCONIUM 
METAL POWDER PURIFIED FOR USE AS 

A GETTER IN POWER AND TRANSMITTING 
TUBES 
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THE LIGHT UNDER 
DUR BUSHEL 

if there be a light under our "bushel" it is the purposeful 

glow of a Bunson burner, throwing new light on lithium, 

strontium, zirconium and a host of other ores and minerals 

packed with industrial possibilities. Through research and 

processing Foote brings new ideas and products to your 

eyes; works with you in their development. Now 

is the time to let us help you take advantage of 

Foote research and manufacture. 

Foote 
MINERAL COMPANY 

Asre,a,Oh®oo' 
/pdusrrio/ One 

aga' C/reeeiéo/s 
PHILADELPHIA ASBEatOS EXTON, PENNSYLVANIA 

Home Office: 1617 SUMMER STREET, PHILADELPHIA, PA. 
West Coast Repr. Griffin Chemical Co., San Francisco, Calif. English Repr,: Ernst B. Westman, Ltd., London, Eng. 
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It is not alone the trim looks and compact con- 

venience of this amplifier which caused it to attain 

such popularity. Like all Thordarson products, 
it reflects the right combination of inspired en- 

gineering coupled with the highest productive 
skill, to insure the most in quality at the lowest 

possible cost. 

Thordarson Model T30W20 is a 

20 -Watt amplifier embodying all 
of the latest improvements and 
conveniences which make it adapt- 
able for a wide variety of uses. 

TRANSFORMER DIVISION 

THORDARSON ELECTRIC MFG. CO, 

500 WEST HURON ST., CHICAGO, Ill. 

.. ORIGINATORS OF TRU-FIDELITY AMPLIFIERS 

the time, a tremendous amount of 
human effort is piled up. 

"Now it would be perfectly pos- 
sible to place along the lower edge 
of the envelope a sort of black and 
white checker -board design which 
would code the address. In other 
words, a row or rows of black and 
white squares in certain order 
would designate the first main sub- 
division. A second row would ident- 
ify the postal substation and a 
third row the city postal carrier dis- 
trict. A form of rubber stamp with 
movable inserts would be used by 
the sender or at the first post -office 
to imprint this design on the letter, 
utilizing a key sheet to prepare the 
design from the elements of the ad- 
dress to which the letter is to be 
sent. 

Phototabe Scanning 

"The great majority of mail 
which consists of letter envelopes 
could then be run through a ma- 
chine that lines up a photoelectric 
scanner along the bottom edge of 
the envelope and, as the letter 
whisked by the electric -eye, it 
would do the equivalent of reading 
the address in the coded squares and 
automatically route the letter to the 
proper mail bag or container. This 
would be repeated again for the 
second row and again for the third 
row when it arrived in the final 

FIRST-HAND ACCOUNT 

After shooting down four Zeros in less 
than five minutes, Lt. (Jg) Eugene R. 
Hanks tells his shipmates the details 
over the loudspeaker system of the flat- 
top. Official U. S. Navy photograph 
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WIRING HARNESSES 

BONDING JUMPERS 

CABLE ASSEMBLIES 

AIRCRAFT and RADIO 
CABLE PRODUCTS 

Are you confronted with a problem cf 
getting wiring assemblies produced 
quickly ... accurately ... satisfactorily 
... in volume-to your specifications? 
If so-better turn to Whitaker -spe- 
cialists, backed with a quarter of a cen- 
tury of experience in cables for auto- 
motive, electrical, radio, marine and 

aviation needs. . . . Regardless of 
whether your wiring requirements are 
immediate, or for the future, it will 
pay you to get in touch with one of 
our plants. Supply us with wiring dia- 
grams or blueprints of the assemblies 
required, and our engineers will give 
the matter prompt attention. 

WHITAKER CABLE CORPORATION 
FOiIOc.ly WlnlaI:O- Battery Supply COmP'inn.. 

Kansas City, Mo. St. Joseph, Mo. Philadelphia Oakland 
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GENERAL PLATE 

axeIsfir 
Solves Design and 

Performance Requirements 
If you want corrosion resistance from chemicals, 

alkalies, aci Is and fumes or increased performance 
in electrical and physical instruments, radio, 
electronic devices, and signal control apparatus, 
General Plate Laminated Tubing solves design 
and operation requirements ... and reduces costs. 

Made by the cupping and drawing process from 
permanently bonded laminated sheets (precious 
metals bonded to inexpensive base metals or base 
metal to base metal) they give solid metal per- 
formance. Base metal to base metal also produced. 

General Plate Laminated Tubing is available in 
a wide range of shapes and sizes ... in prac- 
tically any metal combinations. See list at right. 
Solid tubing of precious metals, nickel, monel, etc., 
is also available. 

General Plate Engineers are available for con- 
sultation. Write, specifying your problems. 

GENERAL PLATE DIVISION 
of Metals & Controls Corporation 

ATTLEBORO, MASSACHUSETTS 

SOL C' ?RECIO 
TUBIIG''"` 

Laminated . . . Silver, gold or platinum on copper, 
bronze or brass, silver -covered - or lined - or both - 
for electrical contacts, chemical industries, high fre- 
quency conduction, radio and signal apparatus, and 
other applications requiring non -corrosive surfaces. 

Laminated Base Metal Combinations - nickel or monel 
on several base metals, etc. - This type of tubing is 
used in high pressure applications and special devices. 

Silver on Aluminum tubing is used in high frequency and 
other electrical applications and aircraft and signal 
control apparatus. 
Precious Metals . . . gold, silver, platinum, and their 
alloys. This tubing finds wide application in the 
chemical industries, electrical and physical instruments, 
electrical contacts, and high frequency conductors. 

Pure Nickel Tubing for cathode tubes, electronic and 
precision instruments. 
Monet and Inconel - seamless or seamed - for the 
chemical and process industries. 

Odd Shapes - General Plate offers a wide range of odd - 
shaped tubing for use in many applications requiring 
special construction and performance. 

198 May 1944 - ELECTRONNCS 



THROTTLE EQUALIZER MECHA- 
NISM fastened with Elastic 
Stop Nuts keeps throttle 
settings the same, even 
when the hull is distorted 
by heavy seas. 

e , 
ENGINE BEDS. PT boats are a ,'blasting mass of 
power, Besides stresses and strains make the 
hulls weave. So, to hold the engines tight and 
secure against vibration and other forces, they 
are fastened down with Elastic Stop Nuts. 

ENGINE ROOM SIGNALS and 
engine controls center in 
this unit held firm and se- 
cure with Elastic Stop 
Nuts. 

_ GRIPPING TIGHT ON THE BATTLING COCKLESHELLS 
They're swift. They're light. 
They're crammed with 4,000 throb- 
bing horsepower that drives them, 
fighting like demonls, through giant 
seas at breakneck pace. 

Naturally they take an 'awful beat- 
ing. 

Under such shock and vibration 
only the surest fastenings will hold. 
That's why throughout Higgins 
Boats you'll see the famous red 
collar that marks Elastic Stop Nuts. 

These nuts hold fast in the face of 
the worst vibration. This is accom- 
plished by the elastic collar built in 
the bead of the nut. This collar 

LOCKED ON 
THE BOLT BY 

THE ACTION OF 
THE GRIPPING 
RED COLLAR. 

THE COLLAR 

IS ELASTIC, 
THE NUT CAN BE 

USW TIME AND 

TIME AGAIN. 

MADE IN ALL SIZES AND TYPES - WITH 

THREADS TO FIT ANY STANDARD 

TYPES OF BOLTS. 

grips the bolt - presses itself be- 
tween the bolt threads and holds 
tight. The nut can't wiggle. It can't 
turn. It can't shake loose. 

These nuts will work wonders in 
peacetime uses. They'll make prod- 
ucts safer, stronger and longer - 
lasting. They'll keep production 
equipment working with fewer in- 
spections, take-ups and replace- 
ments. 

Get the facts from our engineers. 
They'll gladly tell you about Elastic 
Stop Nuts and sit down with you to 
help work out any fastening prob- 
lem you have. 

ELASTIC STOP NUT 
CORPORATION 

Gentlemen: 
Torpedo boats must be 
built to stand terrific 
punishment - not only 
from heavy seas, but 
from vibration of en- 
gines, machine guns and 
depth charges. Precious 
time in maintenance and a greater sense 
of security are gained by the use of Elastic 
Stop Nuts at all vital points. Weight is 
also at a premium in PT's as in aircraft 
and prohibits the use of more cumbersome 
and less positive locking methods. 

Yours very truly, 

PROJECT ENGINEER. HIGGINS INDUSTRIES, HW. 

ESNA 
TRADE MARK OR 

ELASTIC STOP NUTCORPORATION OF AMERICA 

ELASTIC scor Kurs 
Lock fast to make things last 

UNION, NEW JERSEY AND LINCOLN. NEBRASKA 
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SCREENING MEN 
MATERIALS AND 

MACHINES 

estd&W Ade e e operates to eliminate 
failure wherever it may be found. It is a continuous 
"screening" process that grades out materials that do 
not measure up to critical standards-that scraps mal- 

functioning tools, jigs, machinery and equipment- 
that shifts men and women to the jobs they are best 
suited to handle. 

It's relentless in the way it operates but it results in 

a product that we are glad to trade -mark and on which 
you can depend. Cannon plugs are good plugs because 
all the elements that go into them-men, materials 
and machines-are good. 

VISUAL AIDS FOLDER 
The many visual training aids offered by Cannon 
Electric include wall charts, training films and 
engineering bulletins. These are listed and de- 
scribed in a new four page folder, available on 
request. Address Dept. A-120, Cannon Electric 
Development Company, 3209 Humboldt Street, 
Los Angeles 31, California.) 

CANNON ELECTRIC 
Cannon Electric Development Co. 

)1V1r..77 Los Angeles 31, California 
Canadian Factory and Engineering Office: 
Cannon Electric Company, Limited, Toronto 

Represent Wives in principal citis-Consult your local telephone book 

postal sub -district. Thus it would 
actually have to be looked at only 
by the carrier who was to make the 
final delivery at the place of busi- 
ness or residence of the recipient. 

One can well imagine the magni- 
tude of routine saving that would 
result from the universal use of 
such a method. Of course, one 
might well raise the question of 
technological unemployment which 
would result from the universal use 
of such devices. However, there is 
reason to believe that changes of 
this sort always come more or less 
gradually and would not present a 
serious social problem." 

Design of Electronic 
Megaphone 
INITIALLY DEVELOPED for use On 

board ships where the high sur- 
rounding noise level made speech 
reinforcement necessary, the final 
design of the RCA electronic mega- 
phone called for use with either a 
portable battery -powered amplifier 
or an alternate fixed amplifier. 

Since the megaphone must com- 
pete in some cases with an unus- 

FM ANTENNA 

The four bays of this turnstile antenna 
at the Zenith FM station WWZR are fed 
by eight Andrew 13/8 -in. diameter 
coaxial cables. These lines and the 
41/2 -in. feeder from the transmitter are 
maintained under constant gas pressure. 
Made by Andrew Co., the cables are 
connected back to back to provide a 

balanced 140 -ohm line 

May 1.944.- ELECTRONICS 



File This For Reference ... 

QUARTZ 
CRYSTAL 

1 

41 3ARZ GY5zA FIIsII3 

;,,C. .,_(2:. CRYSTAti$ 

YsRALS vIpUs pS,Ilv C CONTR 
EQ 

YOR *PRECISE 
YOF ELEGTRONIG 

EQUIPMENT 

'PISS \ 
`1,11Y ¡¡15A. 

USEFUL INFORMATION ABOUT PRESENT- 

DAY AND FUTURE APPLICATIONS OF 

QUARTZ OSCILLATOR PLATES 

Here is common-sense, understandable data about 
the characteristics, production, and adaptation 
of quartz crystals. Graphically illustrated, these 
papers are combined in a convenient file for in- 
stant accessability. Write for your copy today. 

PR UCTS COMPANY 

1519 McGEE STREET, KANSAS CITY, MO. 

Producers of Approved Precision Crystals 
for Radio Frequency Control 
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IT'S SUBSTANTIAL 
A Rheostat is a piece of equipment where sub- 
stance and quality spell real economy. A good 
Rheostat properly installed and used will outlast 
the machine it controls. It is wise therefore to 
use the best Rheostat obtainable. 

Ward Leonard Pressed Steel 
Rheostats are built on that 

Pressed Steel Rheostats are 
made in 4" to 18", Ring 
types from 11" to 4" incl. 

premise. They are absolutely smooth in opera- 
tion due to proper design and fine machining. 
They dissipate heat from both sides keeping 
temperatures low. Contacts are round or rec- 
tangular solid metal ground for perfect fit. 
These are but a few of their many advantages. 

Ward Leonard Rheostats are made in a wide 
range of sizes in single and multiple mounting 
for manual or motor drive. Bulletin 60 gives 
full particulars. Send for a copy. 

WARP LEONARD 
RELAYS RESISTORS RHEOSTATS 

Electric control devices since 1892. 

WARD LEONARD ELECTRIC 

zog 

COMPANY, 32 SOUTH ST., MOUNT VERNON, NEW YORK 
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Send for 
Bulletin No. 721 

for specific 
details 
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f GLOBE -UNION INC., Milwaukee 

Producers of Variable Re- 
sistors Selector Switches 

Ceramic Capacitors, 
Fixed and Variable 
Steatite Insulators. 
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ually high noise level, higher out- 
put from the unit was provided by 
shifting to operation with the fixed 
amplifier. Reasonable flexibility of 
movement is provided by a forty - 
foot extension cable between the 
amplifier and the megaphone. 

As shown in the photograph, the 
microphone of the unit is mounted 
so that its horizontal axis is 3i 
inches above the axis of the loud- 
speaker. This feature provides the 
operator with unobstructed vision 
in the direction his speech is being 
transmitted and permits full utiliz- 
ation of the megaphone range. 

The total weight of the unit is 
so distributed that the handle is 
directly beneath the center of grav- 
ity. This permits ease of handling 
and minimizes fatigue when the op- 
erator is using the megaphone con- 
tinuously. If used intermittently, 
the operator may suspend the unit 
from a carrying strap which per- 
mits it to rest against his chest. 
This leaves his hands free except 
when the megaphone is being used. 

For applications in which the op- 
erator needs only limited movement 
within a radius of 40 feet, and a 
commercial source of power is ac- 
cessible, the megaphone can be 
driven by the larger fixed ampli- 
fier. With the same input level, the 
fixed amplifier drives the speaker to 
an output pressure three times as 
great as that obtained from the 
portable amplifier. Because of the 
greater gain, a volume control is 

Operation anywhere is provided by 
this portable electronic megaphone. 
Mounting of the microphone above the 
horizontal axis of the loudspeaker per- 
mits viewing the place being addressed 
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What is this menace to flying men and 
their equipment which our scientists 
call "G's"? And why are N. U. engineers 
who design tubes for airborne radio 

and electronic devices taking so much pains 
these days, to know their "G's"? 

In a mild form, most of us have felt "G's" at 
work on a roller -coaster, when we take the 
turns and hit the dips. However, in high speed 
flight, with its shifting, twisting, turning, about- 
face maneuvers-"G's" really shake your in- 
sides. Think of a dive bomber pilot as he pulls 
out of a high vertical power dive. That's when 

"G's" can become dangerously high. And when 
there are too many "G's"-look out! 

Research into the effects of "Gus" on the 
delicate, indeed flimsy filaments and other parts 
of tubes, has enabled N. U. engineers to pro- 
vide our armed forces with tubes individually 
tested to withstand many more "G's" than a 
pilot or a plane ever has survived. Here again, 
science makes sure that N. U. Tubes deliver 
the goods. Where tubes must perform depend- 
ably-count on National Union. 
NATIONAL UNION RADIO CORPORATION, NEWARK, N.J. 
Factorws: Newark and Maplewood, N. J., Lansdale ami Robesonia, Pa. 

5 ' 

RADIO AND ELECTRON IC TUBES 
Transmitting, Cathode Ray, Receieim., Sysecsal Purpose Tubes Condensers Volume Controls Pine Elearkeells Panel Lamps Flashlight aI db, 
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A Third CITATION 
FOR THE INSTRUMENT LEADER 

.. . FOR MERITORIOUS Wt -,R PRCDUC TiON 

This third citation for meritorious vial 

production .. climaxing a long record of 
war service ... is a source of justifiable 
pride to the men and -women of WESTON. 

The record began back in the earliest 
days of our defense period, when a large 
segment of WESTONS' capacity was as- 
signed to the production of instruments 
vital to military needs. Thus, when we 
finally were forced into this world struggle, 
WESTON was ready for full-scale war 
production. 

This new star which adorns our "E" 
pennant marks the third time WESTON 

has been first in this highly specialized 
field to receive each successive war 
citation. Weston Electrical Instrument 
Corporation, Newark 5, New Jersey. 

Laboratory Standards ... Precision DC and 

AC Portables . . . Instrument Transfomers 
. Sensitive Relays . . . DC, AC, and 

Thermo Switchboard and Panel Instruments. WESTON 
Specialized Te t EquiFmsr . . Light 
Measurement ar'd Canto! :e 'ices .. , 

Exposure Meter-- Aircraft Irstruments... 
Electric Tactrmeters...Did The-reometers. 

FOR OVER 55 )"EARS LEADERS 1.1 ELECTRICAL MEA ['KING INSTRUMENTS 
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Here's a screw head scientifically engineered 
for faster starting, faster and easier driving, 
better appearance. It's the famous Phillips Screw -- 
MADE BY NATIONAL SCREW... 

THE TAPERED RECESS HOLDS DRIVER FROM SLIPPING 

CLEAN APPEARANCE 
OF PHILLIPS 

SCREW 

NO(E not retouched) 

(These photos enlarged 11 diameters. 

distinct advantages of the Phillips Recessed Screw 

1. Self -centering on the driver 

2. Holds driver from slipping 

3. Four "wings" give greater driving power 

4. Eliminates head breakage 

5. Frees operator's hand to hold work 

6. Makes better appearance- 
prevents marring work 

7. Simplifies hard -to -get -at 
jobs 

io/i E 
HEADED 

AMÁ S 

THE NATIONAL SCREW & MFG. CO., CLEVELAND 4, 0. 
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24K gold, perfectly plated 
on any metal and over lead - 
or silver -soldered joints. 

Fine-grained pure silver - 
no "promoter" metal used. 

Modern equipment for rapid 
handling of large or small 
parts - in volume - under 
rigid laboratory control. 

Meeting Army and Pav) specifica-icns for precious metal plating, DIAMOND's 
large-scale product cn fazilities eas.re prompt deliveries - while latest methods 
of analysis and cur-erF cDn+rol asare strict adherence to specifications. 

In experimental work, DIAMOND 
experience enables you to set a 
confidence performance specification dge / confidence that the knowledge 

! and competence of our engi- 
neers will provide a wholly ade- 
quate, yet economical, plate for 
your service need. 
Devoted exclusively to industrial 
gold and silver plating, our skills 
are available for solution of your 
difficult problems.At your re- 
quest, a represent. ative will con- 
tact you to tell you just how we 

ENUE WAKEFIELD, vpESACHUSETT_ are ready to help you. NORTH AV 

ENGINEERING - DESIGNING - FOUNDRY - WEL)m; - MACHINING - ìILYER SOLDERING - PLATING - ASSEMBLING - FINISHING 
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LUXTRON 
PHOTOCELLS 

_uxtron Photo -Electric 

Cells Operate Instruments 

and Instrument Relays 

Without Auxiliury Vol- 
tage or Amplification. 

This pi.taii- contact 
model i, only one of 
a ;Pries of :mountings 
and indicates only 
one of the complete 
range of Luxtron' 
evil shapes and sizes 
available. 

-heir high -efficiency conversion 
of light energy into electric 
power, permits applications in 
great variety. 

Culé and complexities are mini - 
razed. War applications im- 
Fress their dependability and 
curability daily. '` - . 
Luxtron* Photocells are wholly 
American in both materials and 
manufacture. 

Send for illustrated, engineering 
literature and let vs co-operate 
with you on special problems 
and applications. 
*Reg. U. S. Pot. Off. 

BRADLEY 
LABORATORIES, INC. 
8? Meadow Street, New Haven 10, Conn 

provided on the front panel to per- 
mit adjustment to a comfortable 
level. 

To provide for installations on 

vessels having only d -c power, an 
inverter is supplied as an auxiliary 
unit by RCA Victor Division of 
RCA, maker of the electronic equip- 
ment. Weight of the unit, includ- 
ing reproducer, microphone and ca- 
ble, is 7 pounds. 

Fluorescent Starter 
Eliminates Blink 
A STARTER for fluorescent lamps 
that preheats the cathodes in the 
usual manner and also permanently 
interrupts the circuit when the 
lamp becomes deactivated or reaches 
the end of its life has been devel- 
oped by Westinghouse engineers. 

The new starter utilizes a simple 
form of thermal switch in series 
with the timing switch. When the 
lamp is in good operating condition, 
the starter merely provides the 
time to start the lamp. When the 

Circuit of Westinghouse "no -blink" 
fluorescent lamp starter. Low -resistance 
heater (1) carries the starting current, 
and as the glow switch attempts to start 
a deactivated lamp, gradually heats the 
bi -metal (2) and opens lock-out contacts 
(3) in the glow switch (5) circuit. Open - 
circuit voltage then exists across re- 
sistor (4) which draws a negligible cur- 
rent (power less than 1 watt), but pro- 
duces sufficient heat to hold lockout 
contacts (3) open. When the failed lamp 
is replaced the starter automatically 
resets to its normal position ready to 
function again. Capacitor (6) eliminates 

radio interference 

lamp fails, the starter makes a 
few attempts to put it in operation. 
The resultant heat brings the ther- 
mal switch into play which then 
permanently opens the lamp circuit. 
The new device eliminates blinking 
and reduces current flow through 
lamp auxiliaries. The starter is 
fully automatic. When the burned - 
out lamp is replaced, the starter 
automatically resumes its normal 
lamp -lighting function. 

COPROX 
RECTIFIERS 

Coprox Rectifiers Have 

Conservative Ratings, 
Excellent Stability, Long- 

er Life. Gold Coating 

Delays Aging. 

Shown above is Coprox 13X-22.3 double 
bridge rectifier with current and temper- 
ature -current characteristics balanced to 
better than l'-; over a range of --IOC to 
+70CC. Rated up to 4.5 volts AC, 3 volts 
DC, 5 milliamperes DC. Other models and 
capacities to meet all needs. 

in Coprox Rectifiers, gold coat- 
ing on the positive contact 
"pellets" delays aging. Pre - 
soldered lead wires or special 
terminals, prevent overheating dur- 
ing assembly. 

Standard units are sealed with 
waterproof lacquers. Critical -ap- 
plication units are potted in 
wax. Standard mountings are 
adaptable. 

Ratings are conservative and very 
latest technical advances war- 
rant unusually high testing stan- 
dards. 

Bradley has the experience to 

meet unusual rectifier problems. 

Write for data. 

BRADLEY 
LABORATORIES, INC. 
82 Meadow Street. New Haven 10. Conn 
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HARTFORD* 

APPLICATION ENGINEERS 

BOSTON it 
. ............... 

R ncw include complete facilities for the sale 
and demore ration of the products .of the manufacturers 

we.. represent exclusively in New England: A qualified 
engineer is in charge of a new, larger, fully equipped 

Demonstration Laboratory. Here full engineering information can be 

obtained and our various electrical products can be seen in operation as 
units or as part of a complete control system. 

A new idea, is an Assembly Hall where electrical engineering meetings can 
be held to -provide our New England customers with the latest information 
.direct from the engineers and executives of the manufacturers we represent. 
Through this medium we are keeping pace with New England's tradition 

111 

.. ...... ........ for progressiveness and are providing, at a time when most needed, addi- 

tional facilities to assist our customers. We extend a cordial invitation to 

you to call upon us whenever we can be of assistance. 

WALDO J. EELLEIGH & STAFF- W. S. Gibson-F. E. Beeves - C. B. Walworth 
NEW ENGLAND REPRESENTATIVES 

RELAYS RHEOSTATS FOOT SWITCHES CAM LEVER SWITCHES LIMIT SWITCHES SNAP ACTION SWITCHES TRANSFER SWITCHES RESET TIMERS 

REMOTE CONTROL SWITCHES PROCESS CONTROL TIMERS SOLENOID VALVES ELECTRONIC DEVICES TEMPERATURE CONTROLS PRESSURE CONTROLS 

ELECTRONIC CONTROLS AUTOMATIC PRODUCTION GAUGES 

ELECTRICAL APPARATUS COMPANY 
1200 SOLDIERS FIELD ROAD, BOSTON 34, MASSACHUSETTS 
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Lepel High Frequency Induction Heat- 
ing Units are made in various sizes. 
The same unit can be used for harden- 
ing, brazing, soldering, melting, etc., of 
both ferrous and non-ferrous metals. 
Easily converted to peacetime use at no 
cost. Write for catalog. 

le 
tomm`wroom, 
0011BRIN..011.1 

i e 

In Gear Hardening 
THE hardening of gears and pin- 

ions, long recognized as_an ideal 
application of high frequency induction 
heating, is a field in which Lepel has 
pioneerèd and developed many note- 
worthy improvements. It made possible 
localized hardening, practically elimi- 
nating warpage and retaining the 
toughness and ductility of untreated 
areas. It produced superior wearing 
-qualities, provided greater uniformity 
and cut hardening time to a matter of 
seconds. 

Now Lepel offers another outstand- 
ing improvement in the hardening off 

gears and other round -section parts. 
The new Lepel roto -heating and 
quenching unit causes the part to re- 

volve at a predetermined speed within 
the load coil during the automatically - 
controlled heating and quenching cy- 
cles. The result is a degree of uniform- 
ity never hitherto achieved by any 
hardening process -a new high stand- 
ard of quality for such parts. 

The unit, including motor drive, load 
coils and quench rings, is compara- 
tively inexpensive and can be operated 
in connection with any standard Lepel 
Induction Heating Unit. 

A Lepel representative will be 
pleased to call upon you upon request. 
Or Lepel engineers will harden samples 
of your parts to your specifications 
and furnish complete data without 
obligation. 

LEPEL HIGH FREQUENCY LABORATORIES, INC. 
Pioneers in Induction Heating 

39 WEST 60th STREET NEW YORK 23, N. Y. 

HIGH FREQUENCY INDUCTION HEATING UNITS 
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REMINDS 
"THAT ME- 

INSUROK 
HAS EXCEPTIONAL TENSILE 

STRENGTH" 
Many a product designer has heaved 

a sigh of relief upon learning that 
INSUROIÇ is a combination of "beauty 
and the beast"-that it not only has an at- 
tractive appearance but also has ample 
tensile strength to meet the requirements 
of scores of postwar products. 

Because INSUROK is also light in 
weight, it is being used in dozens of war- 
time products, today-will provide com- 
petitive advantages for other types of 
products, tomorrow. 

INSUROK, Molded and Laminated, is 
made in a wide range of grades and types 
-with combinations of characteristics 
which make it the preferred material for 
innumerable electrical, chemical, mechan- 
ical and decorative applications. Richard- 
son Plasticians will be glad to work with 
you or your designer in determining the 
type of INSUROK best suited to your 
needs. Write for complete information. 

L L`` 

Unless users are going to "baby"your 
product, it may be advisable to give 
it the advantages of INSUROK'S 
high tensile strength. 

4kadG4tit PQi!ideGCd 

he RICHARDSON COMPANY 
MELROSE PnRK. ILL NEW BRUNSWICK N_ FOUNDED ió6e iN ,nN,n Ci I ,no LOCKLAND i I ,. OWU 
OETROITOFFICE 6-252 G MBUILDING DETROIT 2 MICHIGAN NEW vORK OFFICE 25 wEST STREET NEW vORK 6 N, 

Mica Capacitors 
(Continued from page 132) 

pacitors are manufactured as rolled 
structures, stacked laminations or 
in special forms. 

From evidence at hand, it ap- 
pears that about half of the mica 
capacitors now used could be re- 
placed by capacitors made from 
other materials without compromis- 
ing quality or performance of elec- 
tronic equipment. In round figures, 
this replacement would conserve 
between and of our precious 
supplies of mica. While it may be 
argued that other materials are not 
as efficient or desirable in making 
capacitors for equal duty and equal 
size, the materials situation may 
compel that it be done. 

Considerable work has been done 
with paper dielectrics by the en- 
gineers of the Bell Telephone Lab- 
oratories and Western Electric to 
demonstrate that thoroughly, reli- 
able capacitors of equivalent size 
can be made for many of the com- 
monly used types of mica capaci- 
tors. 

Careful attention has to be paid 
to the choice of the best grade of 
paper and the choice of organic im- 
pregnants for their suitability at 
high temperature. Also, careful at- 
tention needs to be paid to the mat- 
ter of attaining moisture -tight cas- 
ings. It is significant that paper 
capacitors of such types offer at 
present a greater promise of sav- 
ing mica than any of the other al- 
ternative materials. By using such 
alternative capacitors we have elim- 
inated about one-third of the mica 
types in our equipment, thereby 
cutting mica needs by about 25 
percent. 

Some mention should be made 
here of the engineering studies 
which are under way on the appli- 
cation of "stained" quality mica for 
capacitors. This quality of mica is 
quite readily available but has not 
been used to any extent in capacitor 
manufacture. Stained mica, which 
has good splitting and non -conduc- 
ting properties, has been used to 
produce capacitors with a Q -value 
equal to, or better than, those of 
alternative types. 

Capacitors made of stained mica, 
paper or other alternative dielec- 
trics can be used without degrading 
the performance of equipment. 
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Precision workmanship and intern 
sive step -by step inspection Insuire 
the perfection of Federal Crystals - 
nov,. flowing in on endless stream 
to vital military application;. 

Ultra High Frequency Transmission Line 

When the war began there was no Ultra High Frequency Transmission Cable available 
to meet military needs for special radio applications. 

Federali, with its unsurpassed research and production facilities, enlisted to fill the breach. Chemists and engineers, working day and night, developed the first dielectric 
that would fully meet the severe electrical and physical specifications- of tough military requirements. Result:: INTELIN Ultra High Frequency Coaxial Transmission Line ... a major contribution to the science of radio communication. 

Federal, from the -beginning of its cable manufacturing activity, has made research and development the keystone for the establishment of Federal technical leadership in the high frequency cable field. 

This outstanding technical ability has been applied to the solution of any and every cable problem submitted-and is now a focal point for the development of high frequency 
cables for the military and for industry. 

Again Federal leads The way! 

federalt Telephone and Radio coiporatio,, 
4ssocA¿ yr Newark i, N. J. 
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Magnetron Oscillator for 
V -H -F Research 
A RELIABLE MICROWAVE oscillator 
for the range of frequencies from 
1700 to 5000 megacycles, corres- 
ponding to wavelengths of 17 to 6 

centimeters, and useful in labora- 
tory work for instruction and re- 
search, is described by J. Tykocin- 
ski Tykociner and Louis R. Bloom 
in Circular No. 48, issued by the 
Engineering Experiment Station 
of the University of Illinois. Suffi- 
cient details are included in the de- 
scription to enable teachers and ex- 
perimenters to build their own 
microwave oscillators. 

In the attempt to construct a 
suitable magnetron tube, it became 
clear that it would not be necessary 
to develop a high -power tube. The 
conditions in a medium-sized labor- 
atory are hardly applicable for util- 
izing radiation of intensities be- 
yond those measurable with the 
usual detectors and bolometers. The 
task was therefore reduced to the 
design of a compact tube of about 
10 watts input, so constructed that 
its power could be controlled easily. 
This simplified the preparation of 
the tube and made unnecessary the 
use of facilities usually absent in a 
college laboratory. For a skilled 
technician, all that is necessary is a 
small spotwelder, a vacuum pump 
system capable of sustaining a pres- 
sure of about 10-6 mm Hg, and a 
high -frequency induction furnace, 
for heating the electrodes during 
the outgassing process. 

Copies of Circular No. 48 may be 
obtained without charge upon ap- 
plication to the Engineering Experi- 
ment Station, Urbana, Ill. until 
September 15, 1944 or until the sup- 
ply available for free distribution 
is exhausted. 

Novel Voltage Regulator 
THE STANDARD DEGENERATIVE volt- 
age regulator circuit usually be- 
comes difficult to use at voltages 
above a few kilovolts, particularly 
in applications where the positive 
terminal is grounded. A new cir- 
cuit that avoids this difficulty was 
described by W. H. Pickering and 
S. C. Snowden of the California In- 
stitute of Technology in a paper 
contributed to the 258th meeting of 
the American Physical Society at 
Pasadena, California in December, 
1943, and regarding which an ab- 
stract appears in the February is- 

sue of Physical Review (Prince and 
Lemon Sts., Lancaster, Pa.) 

The new circuit uses a radio fre- 
quency signal modulated by the 
variations in output voltage to 
transmit these variations across the 
potential difference to a tube in 
series with the high -potential bus. 
The voltage limitations are accord- 
ingly removed. The sensitivity of 
the regulator depends as usual upon 
the total effective amplification of 
the circuit. Long-time stability de- 
pends on the stability of the ampli- 
tude or frequency of the radio fre- 
quency signal. Either terminal of 
the output may be at ground poten- 
tial. 

Argument for Electronic 
Music 

By SIDNEY T. FISHER 

MUSICAL THEORY, where it touches 
on the intervals employed in har- 
mony, is in a state of great confu- 
sion. The scale universally used for 
keyboard instruments, the Tem- 
pered (diatonic) Scale, inade- 
quately translates musical concep- 
tions, and its weaknesses should be 

BALANCING MACHINE 

Electronic Dynetric balancing machines show the degree of unbalance of a rotor, 
while running at normal speed, directly on a meter. The operator sees the spot on 
the revolving rotor that is out of balance with a stroboscope. The electronic method, 
developed by Westinghouse research engineers, determines the exact location and 
amount of corrective mass necessary to eliminate unbalanced vibrations as small as 

25millionths of an inch 
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In the Fight 
From The Beginning 
Because they have helped pioneer many 
resistance -control applications ... and 
have proved thoroughly dependable .. . 

Ohmite Rheostats and Resistors have been 
"in the fight"... from the beginning. 
Today ... they serve in countless thoLsands 
... in all types of critical equipment . 

on every frc nt. They are relied 
on to function day -after -day 
under extremes of temperature, 
humidity and altitude. 
In resistanc:-control..:Ohmite 
experience makes a difference. 
'Widest range of types and 
sizes for every need. 

OHMITE MANUFACTURING COMPANY 
4817 FLOURNOY STREET CHICAGO 44, U.S.A. 

Foremost Manufacturers of Rheostats, Resistors, Tap Switches 

wad 0bM04F 
RHEOSTATS RESISTORS TAP SWITCHES 

BUY WAR BONDS 

Your Answer ¡loot¢ on 
Resistance Problems 

Write on company letter- 
head for Industrial Catalog 
and Engineering Manual 
No. 40. Gives helpful in- 
formation on the selection 
and application of rheo- 
stats, resistors, tap switches, 
chokes and attenuators. 
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MURDOCK 
RADIO 

PHONES 
could only come from long experi- 
ence. They have the tested ad- 
vantages users like: 

long listening without discomfort. 

ventilation to prevent condensation. 

super -sensitivity to get all that's sent. 

two-way adjustment tocontrol position. 

"solid -built" construction to keep fine 
adjustments constant. 

concealed terminals-long cords- 
lightness - comfort. 

In war or peace, remember - it's 
MURDOCK ! See these headsets. 
Send for new catalogue today! 

WM. 1. MURDOCK CO. 
137 Carter St., Chelsea 50, Mass. 

recognized. The Just (diatonic) 
Scale is in full accord with the 
spirit of music and the letter of 
physical laws, and in the light of 
modern instrumentalities, could 
now be adopted. Electrical musical 
keyboard instruments can be de- 
signed in a practical form to play 
the Just Scale in all keys. These are 
some of the conclusions to be drawn 
from the facts to be outlined, but 
it is first necessary to understand 
scale structure from the musical 
standpoint. 

"Just" -scale musical instruments 
have been under consideration by 
investigators for many years and 
in recent years a number of articles 
have appeared in musical journals 
on this subject. Such instruments, 
due to anomalies in scale structure, 
have been considered by most au- 
thorities as being impossible from a 
practical standpoint. They have 
thus become to be regarded by mu- 
sicians as an ideal to be sought 
after but impossible of practical at- 
tainment. This article has for its 
object the description of practical 
instruments whose scale frequencies 
bear exact harmonic relationships 
to one another, to the end that 
maximum harmoniousness may be 
achieved. 

Scale Structure 
Tones separated by discrete pitch 

intervals are a universal tradition 
in modern Western music. An oc- 
tave of seven notes is usually em- 
ployed and this is the diatonic 
scale.' In addition, in accordance 
with an almost universal tradition, 
five additional intervals are in- 
serted, which break up the five 
larger intervals of the seven -note 
scale. Most music-particularly mu- 
ic .by the classic masters-is writ - 
en in the seven -note scale. This 

scale has its most familiar embodi- 
ment in the piano and it is not an 
exaggeration to say that the key- 
board mechanism of the piano has 
been made the basis of the modern 
system of music. The scale can be 
conveniently thought of as it ap- 
pears on the piano keyboard. If we 
take the note C as the starting note 
for an octave, then the seven notes 
of the diatonic scale are played by 
the white digitals and the five ad- 
ditional tones which divide the 
larger intervals of diatonic scale 
are played by the black digitals. 

The scale obtained by playing the 
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IF YOU NEED 

HIV "n'a 

FOR SPECIAL WAR APPLICATIONS 

5ONgUer* AMERTRAN. 
Recent experience shows that manufacturers can greatly 

expedite their programs by incorporating AmerTran High 

Voltage Rectifiers in equipment produced for naval, land 

and aircraft communications. AmerTran Rectifiers can be 

completely integrated with your instruments because our 

engineering staff is thoroughly familiar with present day 

communications problems . . . and especially well -versed 

i the application of equipment used in navigating and 

IDcating. 

Deliveries can be made in reasonable time because we 

employ a proved, 4ast production system, including certain 

Pioneer Manufacturers 
of Transformers, Reactors 

and Rectifiers for Electronics 

and Power Transmission 

recently developed techniques, and have access to stable 

material sources. 

These AmerTran Rectifiers are in every way representa- 

tive of the quality standards which the American Trans- 

former Company has maintained for forty-three years- 
a further assurance of acceptance. Responsible manufac- 

turers are invited to forward their specifications. 

THE AMERICAN TRANSFORMER COMPANY 

178 Emmet Street, Newark 5, N. J. 

Am E RTIRAN 
MANUFACTURING SINCE 1901 Ar NEWARK, N J. 
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NOW...DOUBLE POLE 

1/(c4d 
SAVES WEIGHT - 
SAVES SPACE - 

DOUBLE POLE... Single or Double Throw 

MIDGET RELAY occupies 

this Tiny space 

EXPLOSION -PROOF! 

o 

WEIGHT 4.3 OZ. (approximately) 

VIBRATION -PROOF! DUST -PROOF! TAMPER -PROOF! 

Rugged ...Compact... Light Weight 

Check these 

important features -4 

5eeer/tecai 
PRODUCTS SUPPLY CO. 

Affiliated with Electrical Products Corp. 

1140 Venice Blvd. Los Angeles 15, Calif. 

S43A-DOUBLE POLE, SINGLE THROW 

D43A-DOUBLE POLE, DOUBLE THROW 

Can be furnished with either solder lugs or boltable 
connections on coil and contacts. 

Capacity -12 amperes per circuit. 

Dimensions-Height 1 11, 16"; Width 1 9 32"; Length overall of 

base 2 1, 16"; Mounting holes, center to center, 1 3 4". 

Positive Action-Positive contact pressure insured by overtravel 

spring. 

Tamper Proof-Factory adjusted and sealed; protection against 

unauthorized re -adjustment. 

Specifications-Normal coil rating 24 Volts- 150 m. a. - 3.6 Watts. 

Contact rating, 12 amps. per circuit. Unit withstands Army 

tests, including overload, vibration, acceleration, etc. 
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Controlled atmosphere conveyor type furnace 

Compete magnafluxinç cnd ncgr 'glow facilities 

Convewrized enamelinç and baling speeds outpu 

5 REASONS WHY INDUSTRY 

LOOKS TO MUEHLHAUSEN FOR LARGE, 

HOT -COILED SPRINGS! 
Specialized facilities enable Muehlhausen to pro- 
duce springs: - of any design - to close tolerances 

-in large quantities - for quick delivery - of lasting efficiency 

One entire plant devoted to hot-coiling-conveyorized for voluane 
manufacture-with control laboratory an active part of production 
-quenching tanks of swimming pool size-skyscraper-like .shot 
blasters for clean, lustrous finish and added life to springs. A letter 
will place Muehlhausen engineers at your service-to save you 
time, cost and effort in obtaining the right spring. New, illustrated 
booklet on hot -coiling springs now available. Muehlhausen Spring 
Corporation, Division of Standard Steel Spring Company, 760 Mich. 
igan Avenue, Logansport, Indiana. 

To improve product performance, use 

M UEHLHA USEN 

Designed 

SPRINGS 

Precision hot -coiling springs on automatic 
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* No need to crystal gaze into the 

future pf electronics. For, as we at 

Nationcl Scientific Products Company 

engagE in secret wartime electronic 

developments, many peacetime appli- 

cations of these very same electronic 

principles are revealed daily. 

Newe cost -saving electronic designs which are applicable to 
post-war products ranging from radios, lighting units, thermal 
devices, timing and measuring instruments, electrical -therapy 
machines and door openers, to a host of other peacetime 
items, are everyday occurrences in National laboratories. 

If your post-war product incorporates a tube, singly or in 

combination with an electrical control, or other electroric or 
electrical unit, we are prepared to make specific recom- 
mendations to bring it to maximum efficiency. 

Write today. Your inquiry will receive prompt attention. 

Electrical and ,fe<'r-anirnl Engineering 

NATIONAL SCIENTIFIC PRODUCTS COMPANY 
Designers and Manufacturers of Electrical and Mechanical Devices 

501 3-25 NORTH.. KEDZIE AVE., CHICAGO .25, ILLINOIS 

white notes of the piano in se- 
glience, commencing with C, is 
called the key of C major, or the 
natural key. Other keys then are ob- 
tained by playing a series of notes, 
commencing with the key note, 
which have the same sequence of 
intervals : tone, tone, semi -tone,. 
tone, tone, tone, semi -tone. 

It is advisable to guard at the 
outset against a common miscon- 
ception ; this is the idea that scales 
were made first, and music after- 
wards. Scales are made in the proc- 
ess of creating music. If music con- 
sisted only of single -note melodies, 
the requirements to be met by a. 

scale would allow the widest lati- 
tude in choosing the intervals. Mod- 
ern Western music, however, em - 

.ploys harmony as its most impor- 
tant feature, and it is necessary 
therefore that certain groups of 
notes of our scale, sounded simul- 
taneously, should form harmonious 
chords. 

Chords and Harmony 

The physical criterion' for har- 
moniousness in a chord is that the 
ratio of the frequencies of its com- 
ponent tones may be expressed as 
the' ratio of small integers. The 
smaller the integers the more 
marked is the consonance. The ap- 
plication of this law to the diatonic 
scale fixes the intervals between the 
notes as seen in Fig. 1. 

Nate + C DE F 6 A BC 
Ratio+ I 9/e 1/4 ° 'h % We 2 

Name+ Unison Second Third Fourth Fifth Sixth Seventh Octave 

Interval 9+8 10+9 1615 9,8 09 98 1615 

Fig. 1-The 7 -note Just Scale in the key 
of C (the natural key). This is funda- 
mental in Western culture, and is the 
idealized form of the scales in actual 

use 

In the first line are the letter 
names of the notes of the scale, in 
the key of C, in the second line are 
the ratios of their frequencies to 
the leading note, and in the third 
are the musical names of the inter- 
vals obtained by sounding together 
each of the noted of the scale with 
the leading note. These intervals 
form a version of the diatonic scale 
called the Just Scale. The fourth 
line shows the frequency ratios be- 
tween adjacent notes. It will be 
noted that three sizes of intervals 
exist, those represented by pitch 
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Finer facilities 
today... 

for finer radios tomorrow 
New management, new methods, new and enlarged production 
facilities-designed for volume manufacture.of quality electronic 
equipment-that's DETROLA today. All this new plant and 
personnel are now producing electronic devices for VICTORY. 

That comes first. When Peace is won, the skills we have acquired 
in making quality war equipment will be turned to the produc- 
tion of the finest radios and other items for civilian use.. Help mcake 

the finer post-war world an early reality by buying War Bonds 
and MORE War Bonds. 

DETROFH RHDIO 
DIVISION OF INTERNATIONAL DETROLA CORPORATION BEARD AT CHATFIELD, DETROIT 9, MCH. 

C. RUSSELL FELDMANN PRESIDEMT 
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MALLORY 
FP* CAPACITOR 
*Trademark Registered 
Capacitor Dceign Patent No. 122,825 

P.R. MALLORY 

MALLORY 
ELECTROLYTIC, 
FILM nNo PAPER 

CAPACITORS 

Trial by Jitry.. 
BEFORE an FP Capacitor leaves the Mallory plant, it goes through 

a series of inspection tests as gruelling as a jury trial. No 

capacitor is presumed to be innocent of defects until it is conclusively 
proved not guilty. By the time it reaches the end of the production 
line, it is either demonstrably perfect-or rejected. 

Yet, even under this exacting system, few FP Capacitors fail. to 
measure up. Thanks to a rigid control of raw materials, and thanks 
espeeially to standardization of parts, FP Capacitors are right -in 
entirety because they're right in small details. This standardization 
is largely responsible for the small amount of rejects. It also makes 
for speedier production, resulting in improved performance and 
lower costs to the customer. 

The FP Capacitor, of course, is only one of a number of condensers 
designed with typical Mallory skill, and checked with care, to per- 
form outstandingly well. For specifications and complete data, send 
for the Mallory Catalog. Unusual application problems can be 

solved by writing direct. All Capacitors are available through 
Mallory distributors. 

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 

Keep Faith with the 
Men Who Fight - 

Buy War Bonds 
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WALSCO CAN GIVE PROMPT DELIVERIES 

We specialize in manufacturing 
cords and cord assemblies, such 
as those used in aircraft and by 
manufacturers of communica- 
don and electronic equipment. 

l We also make plugs, sockets, 
switches, jacks, connectors and 
special parts, such as Relay and 
Junction Boxes, etc. 

OTHER WALSCO PRODUCTS: Besides 
;:. . , these items we make a full line 

of WALSCO Radio and Elec- 
tronic Parts for maintenance. and 
repairs; Radio Chemicals, Ce- 
ments, Contact Lubricants, 
Cleaners and Lacquers; also 
small Radio Hardware including 
Springs, Screws, Small Stamp- 
ings, Dial Cables and Cords, 
and Belts. 

QUALITY CONTROL: To assure perfect 
and uniform products, all raw materials 
and all parts furnished by sub -contractors 
are thoroughly tested and 'checked by ex- 
pert inspectors before going into produc- 
tion. Breakdown, insulation -resistance and 
other required measurements are made 
regularly in our laboratory, which is 
equipped with the newest and best test 
equipment. 

INSPECTION: Our inspectors constantly 
check all products in process as well as the 
completed units. Government inspectors 
are in constant attendance at our plant and 
Air Corps, Signal Corps and Navy Inspec- 
tion is available for units made to Govern- 
ment Specifications. New and more effic- 
ient production methods have been devel- 
oped which enable us to supply better 
products at a lower price. 
Catalog No. 44-B covering these items 
on request. 

ctsi WALSCO P4.3AriaciA, 
9306 SANTA MONICA BOULEVARD BEVERLY HILLS, CALIFORNIA 
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KiNNEY 
COMPOUND DRY VACUUM PUMPS 

KINNEY Compound Dry Vacuum Pump, using the 
well-known mechanism of the .time -tested Single 
Stage Dry Vacuum Pump, maintains low absolute 
pressures in the production of lamps and tubes, and 
for many other operations. requiring absolute pres- 
sures down to 0.5 microns. 

For the next higher range of absolute pressures, as 
backing diffusion pumps, etc., KINNEY Single 
Stage Pumps are available. 

Bulletin 18 includes complete descriptions of 
Kinney Pumps with capacity and dimension tables, 
and efficiency curves. Send today for your copy. 

.'rp ... - , 
KINNEY MANUFACTURING CO. 
3565 WASHINGTON ST. BOSTON 30, MASS. 

Branch Offices: 
c New York Chicago Los Angeles Philadelphia San Francisco 

IBK 

ratios of 9:8, 10:9 and 16:15. The 
two large intervals, 9:8 and 10:9 
are called a tone, and the smallest 
interval, 16:15, a semi -tone. 

Three triads or groups of three 
notes are considered the foundation 
of the system of harmony. These 
chords are the triads having fre- 
quency ratios 4:5:6 formed with 
their lowest note a fifth below the 
key note, on the key note, and a 
fifth above the key note. In the 
octave shown above, these triads 
are CEG, FAC, and GBD, giving 
the arrangement of Fig. 2. These 
three triads define every note in the 
diatonic scale and fix the ratios at 
the values listed above. 

The Tempered Scale 

It is apparent that none of the 
possible ways of setting up a scale 
-progressions by fifths (frequency 
ratio 3:2), by fourths (frequency 
ratio 4:3), or by thirds (fre- 
quency ratio 5:4)-will give the oc- 
tave note, since all thèse ratios are 
prime to one another. The ex - 

Note C D 

Ratio. I 

4 

E F 

'/ °h 
5 

GA BC 
% 'h V. 2 

6 

D 
9(, 

4 5 6 

4 5 6 

Fig. 2-The three 'major triads (triad 
chord = of three notes). These are the 
chief foundation of harmony as em- 

ployed in Western music 

tremely complicated treatment of 
diatonic scale structures that ex- 
ists in musical literature is brought 
about solely by the fact that the 
tone sources of traditional instru- 
ments cannot be adjusted in fre- 
quency to form a new scale for each 
key change. Figure 3 shows the 
difficulty graphically. 

The Tempered Scale° (Scale of 
Equal Temperament) is universally 
used today for keyboard instru- 
ments and therefore nominally by 
all musicians. It is based on the 
simple arrangement that an octave 
is divided into twelve equal inter- 
vals of a semi -tone, each of which, 
therefore, has a frequency ratio of 
the 12th root of two. This scale has 
the great virtue that it permits 
modulation without limitation. In 
music, modulation means a change 
in key, i.e., an overall shift in fre- 
quency. 

This is shown graphically in Fig. 
4. k has the disadvantage that 
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HERMETIC SOLDER -SEALING 

MAKES PRESTITE 

TERMIN4Jr1BUSHING 

ACTUAL SIZE 

High altitudes ... humidity conden- 
sation ... thermal shocks ... cannot 
affect the performance of Solder -Sealed 
apparatus. The 100% hermetic bond 
assured by the metal-to-PRESTITE 
seal assures trouble -free service of 
terminal bushings. 

The bushing consists of a PRESTITE tube on 
which are Solder -Sealed a terminal cap and a stud. 
Similar bushings are available without hardware for 
Solder -Sealing to other parts on the manufacturer's 
own production line. 

Solder -Sealed PRESTITE assemblies offer im- 
mediate help to manufacturers in many available 
standard forms. They also open up many new and 
added possibilities in postwar uses. For complete 
information, send for booklet B-3244. Westinghouse 
Electric & Manufacturing Company, East Pitts- 
burgh, Pa., Dept. 7-N. 

Westin() 

house 
PLANTS IN 25 CITIES ... OFFICES EVERYWHERE 

J-05142 

COMMUNICATIONS EQUIPMENT 

INSTRUMENTS 

D -C CAPACITORS 

HIPERSIL CORES 

DYNAMOTORS 
RECTOX RECTIFIERS 

INSULATING MATERIALS 

OLD WAY 
(SEVEN PIECES) 

SOLDER -SEAL 

NEW WAY 

estinghouse Solder -Sealed PRES 

ITE Terminal Bushing. S k 1309164:' 

Other PRESTITE methods of 
taking leads through partitions 

APPARATUS ENCLOSING SOLDER - 

SEAL BUSHING-combination in- 
sulator, cover and terminal 
board-has a hollow construc- 
tion which permits placing small 
devices inside. 

SOLDER -SEAL ASSEMBLY-for vi- 
brator packs, but can be used 
in similar apparatus, combining 
jack and terminal board. 

SOLDER -SEALED BUSHING -for 
use with thicker gage covers of 
larger size transformers and 
capacitors. Bushing is Solder - 
Sealed to a metal ring which is 
soldered to the container cover. 

PRESTITE is a dense nonporous ceramic com- 
pacted under high pressure and vacuum by the 
patented PRESTITE method of -manufacture. 
This eliminates minute air pockets in the 
material, thus minimizing distortion in voltage 
gradients and eliminating internal corona dis- 
charges. PRESTITE is impervious to moisture 
and all chemicals except hydrofluoric acid. The 
quality of PRESTITE is consistently uniform, 
thus eliminating the need for the exaggerated 
safety factors common in other ceramics. 
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Q Live Wire in 1911 

THE OIL CIRCUIT -BREAKER illustrated, featured in a 1911 

issue of ELECTRICAL WORLD, would find little favor with 

Electrical Engineers today. C -D electrical insulating materials 

have kept pace with the improvement and refinement of Circuit - 

Breakers .,.. including the development of Air Circuit Breakers, 

#which have been accomplished since 1911, in which year C -D 

made its first sheet of Laminated Phenolic Material, DILECTO. 

C -D experience is not limited to one type of electrical insulat- 

ing material. The "know how" accumulated by the C -D Labora- 

tory in solving thousands of electrical insulating problems includes 

experience with Vulcanized Fibre, Mica, and Molded Phenolic 

Plastics as well as with Laminated Phenolic Plastics. Two new 

electrical insulating materials, DILECTENE and VULCOID, are the 

products of C -D "know how." These new insulating materials are 

intermediate to the four standard C -D electrical insulating ma- 

.lterials, and meet problems not solved by them. 

When you have an electrical insulating problem, think first of 
C -D. Let the C -D Laboratory study your problem. C -D technicians 

will make recommendations based on experience with 6 different 
types of insulating materials. Send today for booklet Gr- 
"What Material?" 

DISTRICT OFFICES: Nyw York - Cleveland - Chicago - Spartanburg, S. C. 

West Coast Rep., Marwood, Ltd., San Francisco - Salas CKices in pri sdipal cities 

- CE 

DIELECTRIC STRENGTH 
OF C -D ELECTRICAL 
INSULATING MATERIALS* 

Dielectric Strength is the factor which largely deter- 
mines whether or not a particular material is the right 

choice for a specific insulating problem. 

In the commonly used test methods (ASTM D 229, 

ASTM D 149) determinations for dielectric strength 

are made in oil kept at the same temperature as the 

test specimen. The electrical stress can be applied 

either by the "short time" or the "step-by-step" 
method. In the "short time" procedure, the voltage is 

continuously increased at the rate of 0.5 kilovolt per 

second. In the "Step-by-step" method, the initial 

voltage is adjusted to 50% of the "short time" break- 

down value and then increased as shown in the follow- 
ing table, the voltage being held at each step for 
one minute. 

Breakdown voltage 
by Short Time method 

Increment of 
Increase of 
Test voltage 

25 KV or less 1.0 KV 

over 25 KV to 50 KV inclusive 2.0 KV 

over 50 KV to 100 KV inclusive 5.0 KV 

over 100 KV 1 0.0 KV 

AA 
A 

L 

C 

CE 

LE 
XX 

XXX 

XP 
XXP 

XXXP 
X 

o 

l////////////// 

Short time transverse, dielectric 
strength,perpendicular to' lamina- 
tions, volts per mil, 

'/is inch sheet, 

//////// ///////////////,«/// 
//iiii /iiiiii/ii////iiiii/7 //i/f, 
////// ////////////////// //iii //4 

%//1/// ////// ////////////////// I%/t/ ////// 
////// ////// ////// ////////////////l/, 

///////////// ////// ///////////////// //A 
//////////////«///'//////////////// ///////, 

100 200 300 400 500 600 700 

AA 
A 
L 

C 

CE 

LE 
XX 

XXX 

XP 
XXP 

XXX P 

X 

. Step by transverse, dielectric strength, 

volts 
step //////////I 

to laminations, perpendicular 
%//////// I 

Per 
mil. ////////// /16 inch sheet 

///////////////// ///7l% i %, '/// 
//////////////////777/ß j / //////; '//z, /// 7 ///// //V/////// 7/// l':;, ' 

%//////// ////I/1/l / /l//l//l / /'; -z )' !!'/ j 
-/////,/l////////////////%/////.!' '',: ,(:' : 

0 100 200 300 400 500 

*Excerpts from an article by F. W. Jahns, Jr. of the Continental -Diamond 
Laboratory Staff, A copy of the complete article will be sent on reaunct. 

C,,,,,tüieJvhd= FIBRE COMPANY 
Established 1895.. Manufacturers of Laminated Plastics since 1911-NEWARK 16 DELAWARE 
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SIGNAL CORPS JOB SUGGESTS 

POSTWAR USES FOR TRANSFLEX 

Transflex tubing withstands 
peated deformation by the cam 
used to start, reverse, or com- 
pletely stop the flow of ink from 
reservoir to pen. It also is resis- 
tant to the cam and recess lubri- 
cant. (Partially assembled, 
underside view.) 

Transflex rods, at the points 
shown, absorb over 56,000 jolts 
in five minutes when the neces- 
sarily sturdy, oscillating pen 
records messages at 400 words 
per minute. 

For code recording field communications equip- 
ment, the U. S. Signal Corps needed a flexible 
tubing which would satisfactorily convey special 
quick -drying ink, without swelling, and also with- 
stand frequent compression over a wide range of 
atmospheric temperatures. Transflex Extruded 
Plastic Tubing was found wholly suitable. In the 
same equipment, short, resilient rods were needed 
to restrict action of the recording pen and to cushion 
its 10,000, and more, vibrations per minute. Again, 
Transflex met all requirements. 

As a result of the two series of tests, Transflex 
rodding and tubing are used in the Waters -Conley 
Inked Tape Recorder, now serving our troops in 
advanced combat positions and message centers. 

This war -time evidence of the usefulness of Trans - 
flex rods and tubes is a preview of their post-war 

,sun `b u nLe 

effectiveness in many kinds of mechanical and 
electrical applications ... as unusually versatile 
components of many products now being improved, 
developed and planned. 
Transflex was originally designed for use as elec- 

trical insulation and hundreds of thousands of feet 
already in service testify to its dielectric strength 
and ability to stand physical abuse. It has a high 
degree of transparency, and resists the effects of 
moisture, oil, gasoline, alkalies, acids, and sub -zero 
temperatures. 

Not only Transflex, but the entire line of Irv- 
ington Extruded Plastic Tubings, performs reliably 
under varied and often difficult conditions. For a 
booklet describing each tubing in detail, or further 
assistance in the selection of tubing for your present 
and post-war products, please write Department 106. 

IRVINGTON VARNISH & INSULATOR COMPANY 
IRVINGTON 11, NEW JERSEY, U. S. A. 

Plants at Irvington, N. J. & Hamilton, Ontario, Canada Representatives in 20 principal cities 

EXTRUDED PLASTIC TUBING FIBRON PLASTIC TAPE CARDOLITE RESINS 
MARVEL & IRVINGTON INSULATING VARNISHES VARNISHED INSULATIONS 
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Presented in the hope that they will 
prove interesting and useful to you. 

Precision Ground Glass Gages 

Afford Visibility in 

In the hands of the skilled mechanic, 
glass gages bring an important plus 
function to precision gages. It not only 
checks the new tool's size, but gives the 
inspector an idea of what kind of sur- 
face to expect from that particular tool. 
The visibility permitted by the glass 
gage allows the inspector to see the 
surface in blind holes as well as through 
holes. 

Some of the apparent advantages of the 
glass gage follow: Glass gages afford 
visibility in inspection. Glass gages are 
not subject to corrosion. There is less 
tendency to gall in some applications. 
Sense of feel is more pronounced when 
using glass gages. Because the thermal 
conductivity of glass is less than steel, 
body heat of inspectors will not be 
transmitted so rapidly to the gage to 
affect gaging dimensions. 

Chewing gum, too, is really useful 
and helpful in these tense times to people 
who are working on the production 
front making material for our war effort. 
But, our Armed Forces have been con- 
stantly increasing their demands for 
Wrigley's Spearmint, Doublemint and 
Juicy Fruit. It is only natural that we and 
you both feel that the needs of our fight- 
ing men and women come first. 

You can get complete information from 
Industrial Glassware Division of the 
T. C. Wheaton Co., Millville, N.J. 

Inspection 

Glass gages ore not subject to 

corrosion or rust. 

Visual inspection of surface 

coincident with inspectioh for size. 

Y-115 

many of the harmonic intervals 
are quite inaccurate. Fortunately, 
the interval of a fifth (nominal fre- 
quency ratio 3:2) is very close and 
this is the most important interval 
in harmony. However, the inter- 
vals of a third and a sixth, which 
are also of frequent occurrence, are 
very poor, being about a third of a 
semi -tone too large. The Tempered 
Scale, therefore, presents the dis- 
advantages that many subtle effects 
in music which depend on varia- 
tions in consonance of different in- 
tervals, are largely obscured by the 
fact that intervals which should 
sound quite consonant, such as 
thirds, are somewhat dissonant. 

C Major C 

D Major 

BbMajorBb C 

D E F G 

E F. 
. 

D Ey F G 

Fig. 3-The effect of changing key in 
the Just Scale is to shift the frequencies 
of some of the notes: this is necessary 
because of the unequal intervals. Loga- 

rithms of the ratios are plotted 

By virtue of its make-up, the 
Tempered Scale has the same har- 
monic intervals in any key. In the 
Just Scale, when an instrument is 
tuned in one key, the harmonic 
structure is changed perceptibly 
for the other keys, If the instru- 
ment is not retuned. In the Tem- 
pered Scale a change of key means 
only a change of pitch. The graph- 
ical comparison of the Tempered 
and Just Scale intervals is shown 
in Fig. 5. 

Helmholtz's Views 

The shortcomings of the Tem- 
pered Scale have been familiar to 
musicians and physicists alike since 
it was first adopted. Helmholtz in 
1860 pointed out its serious defects 
and suggested that in a generation 
or two the Tempered Scale might 
have a very marked effect on our 
acuteness of appreciation for har- 
mony. It appears that his predic- 
tions have been fulfilled to a large 
extent and that the return of a 
strict perception of harmony is 
only possible by replacing the Tem- 
pered Scale with the Just Scale. 

Helmholtz's comments on the dif- 
ferences between the Tempered and 
the Just Scales are worth quoting 
because they outline clearly the 
reasons leading up to the work de - 
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MACHINE SCREWS for Electronic Manufacturers 

* Precision made for any fastening job 

* One source of supply to contact 

Your production and assembly operations are more 
efficiently performed when the exactly right size and 

type of fastening is specified. This means faster, better 
and more economical fastening operations. 

That's why you'll find it pays to take advantage of 
STERLING'S consultation service and one source of 

supply. For many years our experts have been success-. 

fully assisting manufacturers in economically solving 

fastening problems. You do not have to compromise 
when you select STERLING products. 

Our stock is complete. Every 
metal, every size, every type of bolt, 
nut, screw, rivet and washer are 
available to do your fastening job 
the way it should be done. 

Write today and tell us your fas- 
tening problem. STERLING usually 
has the right answer. 

Every 
Meta/-Ever 

--Every y Size 

from 
one 

Type 

Source 

STERLING BOLTS 
STERLING BOLT COMPANY 211 W. JACKSON BLVD., CHICAGO 6, ILL. 

scribed in this paper. They show 
that the deficiencies of the Tem- 
pered Scale have been fully recog- 
nized, as ha's been the excellence of 
the (7 -note) Just Scale. And yet 
until the present, no practical solu- 
tion has been obtained for the ap- 
plication of the Just Scale to key- 
board instruments. 

The following excerpts are from 
the 4th English edition of Helm- 
holtz's "Sensations of Tone": 

"As regards musical effect, the 
difference between the just and 
the equally tempered intonations, is 
very remarkable. The justly in- . 
toned chords, in favourable posi- 
tions ... possess a full, and, as it 
were, saturated harmoniousness ; 
they flow on, with a full stress, calm 
and smooth, without tremor or beat. 
Equally tempered chords sound be- 
side them rough, dull, trembling, 
restless. The difference is so 
marked that everyone, whether he 
is musically cultivated or not, ob- 
serves it at once. . . . 

"It must not be imagined that 
the difference between tempered 
and just intonation is a mere math- 
ematical subtlety without any prac- 
tical value. That this difference is 
really very striking even to un- 
musical ears is shown immediately 
by actual experiments with prop- 
erly tuned instruments. . . ." 

C DEF G ABC 
C Major . i In i . i. i i 

G" D° G" A° B° C' 
Ca Major I 1 . . 1 . 1 1 

D E F* G A B Ct D 
D Major 1. 1. 1 I 

I 

Fig. 4-The effect of changing key in 
the Tempered Scale is simply to shift 
the pitch of the music. No readjustment 
of the scale intervals is involved. Loga- 

rithms of the ratios are plotted 

It must be realized that the Tem- 
pered Scale has been adopted solely 
because it will permit changing into 
different keys without any change 
in the structure of the music. Since 
the intervals in the Just Scale are 
unequal,- if a modulation from one 
key to another is to be made, then 
of necessity the scale must be read- 
justed so that it can maintain the 
exact sequence of intervals in the 
key. With conventional keyboard 
instruments, this is not possible 
and the Tempered Scale is the only 
practical solution. 

At various times, proposals for 
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We're pioneers in high frequency heating with 
23 years of valuable knowledge and experience-at your service. 

What we have learned about heater unit circuits can prevent you from making 
costly errors in equipment selection and application. 

Our extensive line of equipment offers you the widest range of power and 
frequency combinations. Choice is not limited to "standard" units. Let a 
pioneering specialist solve your heating problems by giving you exactly the 
right installation for your applications. It will pay you to get in touch with 
us before you choose ANY high frequency heating unit. Write us today. 

g riecedes, 

rs 

sue DIVISION OF "S" CORRUGATED QUENCHED GAP COMPANY 

119 Monroe Street Garfield, New Jersey 

of nigh Frequency Converters Since 1021 
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Vii)ductÑiitei"ea' 
FOR. PRECISION PROCESSING 

"Shotgun Coverage" or precision processing? Manufacturers who put 
their production programs on "cost based on efficiency" schedules never 
hesitate in THEIR selection of sub -zero testing and processing equipment. 
. . . They know that Kold-Hold equipment is productioneered* to insure 
the capacity and temperature best suited to fit specific cold processing 
application. 

They know that "shotgun coverage" gives them extra compression 
and excess refrigerant (which they can't utilize) at a higher initial cost 
. ' . . Kold-Hold's precision processing, obtainable with Kold-Hold Sub - 
Zero machines, assures you efficient handling of the job for which the unit 
was intended . . . Here are several suggestions from Kold-Hold's 
Standard lines. 

2.0 & 4.0 Cu. Ft. capacities at -45° & -60° 
F. Kold-Hold's most popular models. High 
efficiency, low cost maintenance and port- 
ability have established their acceptance in 
rivet storing, aging of steel and steel parts, 
chemical processing and pitch removal from 
optical lens. Designed for heavy duty. 

III/01'15 

5.4 & 11.0 Cu. Ft. Capacities at -45° & 

-60° F. Virtually every application utiliz- 
ing sub -zero processing can use these units 
to good advantage. Wherever -45° to 
-60° F. temperatures in these capacities is 
specified for cold processing, Kold-Hold units 
in this series are selected. In expansion fit- 

ting, aging of metals, aluminum alloy storage 
and numerous other applications, these ma- 
chines provide reliable, fast, efficient low 
temperature performance. 

5.0 & 11.0 Cu. Ft. Capacities as -75° & 

-90° F. For real "bottleneck -breakers" these 
Kold-Hold machines are unequalled in pro- 
cessing and testing of materials (including ex- 

pansion fits, stabilizing steel and hardening 
of metals). Portability of these machines plus 
convenient working height makes them adapt- 
able for use anywhere on production lines. 

Let Kold-Hold engineers help you determine which capacity and 
temperature is best suited to your cold processing application. iïwdïö MANUFACTURING CO. 

*Engineered for Production 
446 NORTH GRAND AVENUE - - - - LANSING 4, MICHIGAN 

new keyboards have been made. A 
complication of the keyboard is not 
a practical approach to the prob- 
lem because of the considerable dif- 
ficulty it adds to the work of the 
performer. It is, however, the only 
possible approach to a solution in 
the case of traditional instruments. 

Electronic Instrument Possibilities 

With the introduction of elec- 
trical methods of producing musi- 
cal tones we have, for the first time, 
the facility offered to us of key 
changes which will be strictly har- 
monious on an instrument tuned in 
the Just Scale. This is true only 
because the frequencies of the tone 
generators of electrical instru- 
ments can be instantaneously and 
accurately readjusted. 

That complications will be intro- 
duced into an electrical musical in- 
strument by the use of the Just 
Scale is demonstrated by Fig. 3. It 
is seen that a digital on the key- 
board must have aecess to a con- 
siderable number of slightly differ - 

Tempered Scale CDEF G ABC 
iltilrtirrri 

C D E F G A BC 
Just Scale 

Fig. 5-Comparison of Tempered and 
Just Scale intervals. Logarithms of the 

ratios are plotted 

ing frequencies if exact harmonic 
ratios are to be preserved in all 
keys. In conventional instruments, 
this is an insurmountable obstacle. 
It has been judged so by Helmholtz, 
and all other writers in the field. 

Electrical musical instruments 
are not new in themselves, but the 
idea of tuning them in the Just 
Scale and providing means by which 
this scale can be adjusted correctly 
for each key signature appears to 
be original. It is entirely credible 
that such an invention will make a 
profound impression on musicians. 
Development of practical forms of 
instruments appears to be of im- 
portance. One of the most obvious 
ways to approach the problem is 
to take a highly -developed existing 
instrument such as the Hammond 
(Electric) Organ and redesign It 
in such a way as to make this pro- 
posal workable. 

The Hammond Organ' consists 
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In base to plane communication one of the vital contrib- 

uting factors toward the accuracy of pin point tuning is 

precision gears, end we are proud to say that QUAKER 

CITY GEARS are playing their part in assuring this accuracy. 

Quaker City Gear Works 
INCORPORATED 

1910-32 NORTH rRONT STREET, PHILADELPHIA, PENNSYLVANIA 

of a number of rotary generators 
driven from a single synchronous 
motor. There is one generator for 
each note of the keyboard plus some 
extra generators for harmonics that 
lie beyond the keyboard range. All 
these generators produce tones 
which lie almost exactly on the 
Tempered Scale. 

It should be noted that the Ham- 
mond instrument in its harmonic 
make-up differs from conventional 
pipe organs because all the fre- 
quencies used in the synthesis of 
any musical quality lie in the Tem- 
pered Scale; in other words, natural 
harmonics are entirely suppressed 
and tempered harmonics are sub- 
stituted. This avoids the serious 
clash that occurs in conventional 
pipe organs between natural har- 
monics and tempered fundamentals 
which lie very close together. In no 
other instrument, to the author's 
knowledge, are tempered harmonics 
used, and while the results may not 
be immediately perceptible to the 
lay ear, the characteristic harmon- 
iousness of the Hammond Organ, 
which becomes apparent after some 
familiarity with it, must be as- 
cribed to this basic improvement. 

Hammond Organ Modifications 

The application of the Just Scale 
to the Hammond Organ' or to other 
instruments of this general charac- 
ter, is carried out as follows : The 
tone wheels and gears are changed 
so that the frequencies of the gen- 
erators lie on the Just Scale. The 
motor is coupled to the main drive 
shaft through a 15 -position gear 
set, including 15 magnetic clutches. 
Thus the drive can be at any one 
of 15 speeds, depending on which 
clutch is operated, and the speed 
may be instantaneously changed by 
operating any other clutch. The 
clutches are operated from a row of 
15 pushbuttons arranged along the 
base of the instrument and intended 
to be actuated by the left foot. 
These pushbuttons are marked with 
key signatures from C# to Cb and 
(including the natural key) permit 
playing in 15 major and 15 minor 
keys. This appears to be adequate 
for practically all music now ex- 
istent. 

Operation 

When the pushbutton for the key 
of C is operated-that is, the na- 
tural major key-the motor speed 
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In addition to the many standard 
PEED NUTS, there are hundreds of other 

shapes and types designed to perform multi- 
ple functions and combine several fasteners 

into one. These SPEED NUTS, wherever used, 
reduce the number of parts in an assembly and 
eliminate the unnecessary handling of extra parts. 

The patented, self-locking SPEED NUT prongs can 

be incorporated into almost any shape or design 
to meet specific assembly requirements. No other 
fastener possesses such flexibility of design. 

SPEED NUTS may be the answer to your assembly 
problem. We'll gladly review your specifications and 
recommend a standard or special SPEED NUT for 
your particular requirements. 

TINNERMAN PRODUCTS, INC. 
2106 FULTON ROAD CLEVELAND 13, OHIO. 

In Canada ... Wallace Barnes Co., Ltd., Hamilton, Ontaio 
In England ... Simmonds Aerocessories, Ltd., London 

*Trademark Res. U. S. Patent Office 



The Automatic 

-Robot 

Inspector 

CHECKS A CIRCUIT A SECOND! 
The accurate, automatic Rotobridge is on a 24 -hour schedule in many 

plants, checking all types of electronic equipment for wiring errors, for 
resistance and reactance values. Robot-like, the Rotobridge does your bid- 

ding-exactly! Want a 10% resistance tolerance here? A 25% capacity 
tolerance there? You get it with the Rotobridge-as you want it-and no 

mistake! And when the Rotobridge spots an error, there's no mistake about 
that either. The instant a defect is detected, the Rotobridge stops dead- 
winks a warning red eye until its human co-worker records the number of the 

defective circuit on the inspection tag and pushes the go ahead button. 

Vigilant and versatile! Rotobridge answers to both descriptions. You can 

put it to work on several small sub -assemblies or on a complete set, involving 

as many as 120 circuits. If you're confronted with the problem of inspecting 

a 30 or 40 tube equipment, you can put two or three of these tireless robots 

to work simultaneously. In five minutes-they will check the equipment 

over for you! 

Testing of complex cable harness and transformers is also counted among 

the varied applications of the Rotobridge. Write for complete details on 

this and other C. M. L. testing equipment. 

COMMUNICATION MEASUREMENTS LABORATORY 
1 2 0 GREENWICH STREET, NEW YORK 6, N.Y. 

is such that middle A is 440 cycles 
per second and all other tones on 

the keyboard are exactly in the 
Just Scale. The instrument then 
can be played in the key of C in 
the Just Scale. There is no ques- 
tion of the use of tempered or na- 
tural harmonics. A number of ad- 
ditional generators must be added 
in each octave to take care of some 
harmonics of notes other than the 
key notes. 

If it is wished to changed the in- 
strument so that it can be played in 
the key of E, then the pushbutton 
marked "E" is depressed. This will 
release the "C" clutch and operate 
the "E" clutch and the speed of the 
main drive shaft will be changed 
to 5/4 of its former speed. The in- 
strument will therefore be raised in 
pitch in the ratio of 5/4 and upon 
playing on the white notes as be- 
fore, i.e., in the key of C major, the 
instrument will sound in the key of 
E. Since all the harmonics and 
added generators are changed in 
the same ratio, the organ is still in 
the Just Scale and this scale is cor- 
rectly tuned for the key in which it 
is being played. 

It will be noted that except for 
accidentals, in major keys the per- 
former need only learn to play on 
the white notes. The instrument 
then always plays as though the 
music were in the natural key and 
it sounds in the key corresponding 
to the pushbutton which is oper- 
ated. 

Each pushbutton would be la- 
belled with the key signature. For 
instance one of the pushbuttons- 
that for the key of D, say-would 
be labelled "D-2# major". To each 
of these pushbuttons would be 
wired a small illuminated indicator 
with the same label as the push- 
button. These indicators would be 
mounted in a row between the two 
manuals so that the organist is al- 
ways aware of the key to which his 
instrument is tuned. 

A Transposing Instrument 

It will be seen that this organ is 
a transposing instrument and that 
existing music could not be readily 
played on it unless it were written 
in the key of C. All organ music 
would have to be transcribed to this. 
key, with the key signature in 
which it is to sound marked sep- 
arately. Minor keys would have to 
be transcribed to the naturally cor - 
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Mow to Outflank a Future Flaw 

responding increase in precision in these manufacturing steps. The 
quality control chart (ASA standards), used in conjunction with 
larger scale periodic sampling during manufacture, detects or 
predicts manufacturing variations, eliminates waste and assures 
you springs which are okay for your application. 

1ffAYBE you're not thinking about the 
future as you read this ad. But suppose 

you are-and you have a world-beater of an 
idea cooked up for post war release. Into it 
you've poured midnight oil, imagination, and 
just plain sweat. To make it work let's say 
you need one or more springs. Now, springs 
are usually inconspicuous little parts, so there 
is a temptation to underrate them. We hope 
you won't make that mistake because guess- 
work and luck don't make the kind of springs 
you can depend on. No, the springs you want 

should be as meticulously designed as your 
product or machine. Hunter (and other good 
springmakers) brings to focus on your spring 
a thorough understanding of the mathematics 
and metallurgy of springs, years of experience 
and research, ingenious methods of testing 
and inspection ... and often specially devised 
instruments and exhaustive reports diagnos- 
ing or predicting spring performance. In a 
critical spring the scientificspringmakernever 
guesses. That's why we can say confidently you 
can stake your reputation on a Hunter Spring. 

QUALITY CONTROL OF SPRINGS AT VARIOUS STEPS IN 
MANUFACTURE. At Hunter-all precision springs are subjected 
-throughout the various manufacturing stages-to quality con- 
trols based on statistical methods. The normal distribution curves 
(below) illustrate the progressive decrease in deviation and cor - 

BOOBY TRAPPEDI 

Have you read the Hunter Data 
Booki'Copiesof this book-crammed 
with helpful engineering data on 
the design and performance of 
springs-are at the elbow of enc,i- 
nears working on war products. 
Much of this information can't be 
found elsewhere. Your signature on 
your company letterhead will start 
a copy your way-at no cost to you. 

HUNTER PRESSED STEEL COMPANY, LANSDALE, PENNA. 
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This armature, when completed, is destined for an 
important mission. It is being wound for one of hundreds of 
Eicor dynamotor designs-and may be used in one of scores 
of varied applications. One factor alone remains constant-the 
requirement for complete reliability. 

The actual winding of an armature involves a number of 
swift but precise operations, each contributing its part to 
make the perfect assembly. For example, insulation of the 
slots and coils is made so effective that it withstands 
production tests of three times the normal operating voltage. 
Fine wire, chiefly used in machine winding, requires 
specially designed equipment and an experienced touch to 
hold proper tension and placement for exactly the prescribed 
number of turns. In dynamotor armatures, two, three, or 
even four separately insulated coils per slot are used to 
produce single or multi -voltage output. The illustration 
above shows the secondary winding of an armature-in this 
case, 51 turns of No. 35 wire. 

Built to transform d.c. voltages, dynamotors must make such 
conversions with comparatively high efficiency, good 
regulation and negligible a.c. ripple. Proper design and 
construction make possible the countless hours of sustained 
performance so necessary for today's critical applications. 
That's why Eicor products are so frequently specified. 

-ncet 1501 W. Congress St., Chicago, U.S.A. 
DYNAMOTORS D. C. MOTORS POWER PLANTS CONVERTERS 
Export: Ad Auriema, 89 Brood St., New York, U. S. A. fable: Avriemo, New York 

responding minor. The key -signa- 
ture indication could very well take 
the form of an added note below 
the bass staff and, as far as the per- 
former is concerned, would be sim- 
ply one more note to be played, 
which he could play with his left 
foot. To avoid confusion with bass 
notes, the keynote names could be 
used. 

Such an instrument as this would 
be learned much more readily than 
present day conventional keyboard 
instruments. The student would no 
longer be obliged to master the 
complicated and cumbersome 
scheme of key signatures which 
music has evolved. The playing 
position of his hands on the key- 
board would never be changed and 
the black notes would only be neces- 
sary for accidentals or for minor 
keys. The student, therefore, would 
devote the major part of his energy 
to the artistic development of his 
music rather than to the mastering 
of the mere mechanics of notation. 

That such an instrument could 
not be put into use immediately is 
fully appreciated; that an instru- 
ment of this general character 
should eventually become widely 
used is, however, maintained. A 
sufficient interval of time must 
elapse to permit the transcription 
of a large amount of existing music 
into the natural key before such a 
scheme could be of much use. The 
ultimate advantages are beyond 
argument. Such a transposing in- 
strument is readily evolved from a 
Hammond Organ or similar device 
because of the simple nature of the 
mechanism for speed changing. It 
will be apparent that the transpos- 
ing feature can be readily applied 
also to the instrument to be de- 
scribed next. 

Altering the Novachord 

Another instrument which is 
adaptable practically is the Ham- 
mond Novachord4; this is typical of 
all instruments which obtain their 
tones from vacuum -tube oscillators. 
In the Novachord, twelve oscillators 
forming the top twelve notes of the 
keyboard are employed, and all 
other tones are obtained through a 
frequency -dividing and harmonic - 
generating system. The addition 
of an elaborate control system al- 
lows waves of any general charac- 
ter to be produced. The instrument, 
not being restricted to steady-state 
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MITCHELL -RAND INSULATION COMPANY, INC. 
EST 1g89 51-A MURRAY STREET COrtlandt 7-9264 NEW YORK, N. Y. 

Fiberglas Varnished Tape and Cloth 
Insulatiig Papers and Twines 
Cable Filling and Pothead Compounds 
Friction Tape and Splice 
Transformer Compounds 

A PARTIAL LIST OF M -R PRODUCTS 
Fiberglas Braided Sleeving 
Cotton Tapes. Webbings and Sleevings 
Impregsofed Varnish Tubing 
Insulating Varnishes of all types 

Fiberglas Saturated Sleeving and Varnished Tubing 
Asbestos Sleeving and Tape 
Extruded Plastic Tubing 
Varnished Cambric Cloth and Tape 
Mica Plate, Tope, Paper, Cloth and Tubing 
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. W. FRANKLIN MFG. CORP. 175 VARICK ST., NEW YORK 14, N. 
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tones as is the Hammond Organ, 
will, with reasonable accuracy, imi- 
tate most of the conventional in- 
struments. Using this sort of an 
instrument as a basis, the author 
would suggest a new instrument 
tuned in the Just Scale as follows: 

A row of pushbuttons will be pro- 
vided along the base of the instru- 
ment intended to be operated by 
the left foot. These buttons, of 
which there will probably be 15, 
will be labelled with 15 key signa- 
tures from Ce to Cb which, in the 
major keys, is from seven sharps 
to seven flats and in the minor keys 
from four sharps to ten flats. Each 
of these pushbuttons will operate a 
12 -contact relay and the circuit is 
so arranged that only one relay can 
be operated at a time. Above the 
manual appear 15 illuminated sig- 
nals which indicate which relay is 
operated. To each of the 12 con- 
tacts of each relay is wired a small 
capacitor and these are the tuning 
capacitors of the 12 oscillators. 

When any relay is actuated, 
therefore, the 12 oscillators are ad- 
justed to frequencies correspond- 
ing to the 12 capacitors that are cut 
into the circuit. Since all other 
tones on the instrument are derived 

PORTABLE ELECTRON 
MICROSCOPE 

A suitcase -model electron microscope 
for operation from the regular 110 -volt 
line was demonstrated recently to the 
Radio Club of America at Columbia 
University, N. Y. C. Ten times more 
powerful than the best light microscope, 
fait unit is shown to F. A. Klingen- 
schmitt, right, president of the club, by 
Igor Bensen, General Electric develop- 

ment engineer 

"I USE IT 
EVERY DAY* 

(>41i 

rif,41: 
be -4- 

HE WHO WROTE the above is a 
switchboard operator in an anti- 
aircraft battery somewhere overseas. 
Such outfits have daily contact with 
communication wire. 

Picture this boy's thrill at seeing the 
old familiar CORWICO diamond trade- 
mark so far from home ! 

We're shipping a lot of wire over 
there ... that's why it's so scarce 
over here - - - 

*Excerpt from a letter to William 
Ogert of Cornish Wire Com- 
pany from his soldier son, 
abroad with a fighting unit. 

Cornish 
WIRE COMPANY, INC. 

15 Park Row, New York City, New York 

"AIacia by £nyineett 15ot £nyinaati 
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ARPIN 

o 

HIGH POWER 
TRANSMITTERS 

INDUCTION HEATING 
EQUIPMENT 

SPECIAL INDUSTR[ßL 
APPLICATIONS 

Our 575-A is the result of 
concentrating on producing 
heavy-duty half -wave recti- 
fier tubes of except-onal per- 
formance and durability. Typi- 
cal of their fine construction is 
the filament whirl- consists of an 
edge -wise wound ribbon of a new 
alloy which gives -greater thermionic 
emission reserve and hence longer 
tube life. Large quantities of 575 -As 
are used by the Signal Corps and 
many large manufacturers. Charac- 
teristic performance is the use of two 
tubes for full -wave rectification in 
single phase cirants, which delivers 
5000 volts DC a= 3 amperes with 
good regulation. 

Filament, 5 vol _s. 10_ amps. Peak 
Inverse Voltage, 15 000 volts. Peak 
Plate Current, 6 amps. Write for 
full information on 575-A and other 
high voltage rectifiers. 

ARPIN MANUFACTURING CO. 

422 ALDEN ST. ORANGE, N. J. 

R_ECT1FI ERS' 
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VAPOR 
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FULLY 

AR 

WATER-COOLED 
TUBE REPAIR 

SERVICE 
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from the 12 tones of the top octave, 
it follows that all the frequencies 
on the keyboard are governed by 
each pushbutton. 

This instrument can be made a 
transposing instrument such as the 
organ already described, if the tun- 
ing capacitor is chosen of such a 
value as to step the whole octave 
upwards or downwards by a uni- 
form amount as different relays are 
operated. It can also be arranged 
to be played exactly as conventional 
instruments are played by merely 
adjusting the frequencies of the 
notes of the octave so that for any 
desired key the frequencies will 
occur in the correct sequence. We 
should find ourselves with an in- 
strument which is played exactly 
as a piano or an organ is played to- 
day, but which will sound in the 
Just Scale. It will be possible on 
this instrument to have an addi- 
tional pushbutton which would tune 
the instrument in the Tempered 
Scale if for any reason this were de- 
sired, as for example, in order to 
play chromatic music. 

Amplifier Considerations 

One of the design difficulties in 
electrical and electronic musical in- 
struments is that the nominal 
power rating of the amplifier -loud- 
speaker system, which is based on 

ENTERTAINMENT FOR 
WOUNDED 

Patients at the St. Albans Naval Hos- 
pital on Long Island are entertained 10 
hours a day from this Stromberg -Carl- 
son control cabinet, operated by Lucille 
Ingebretson, pharmacist 2C. It contains 
FM and AM receivers, an automatic 
record changer, pre -amplifier and moni- 
tor speaker, and supplies 12 booster 

amplifiers on the system 
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Laminated Plastic Air Deflectors 

Intricacy of design and contour of typ_cal PANELYTE air 
deflector is shown in photo above. Right: Wright Cyclone 
9, showing deflectors and push -rod housings in place. 

ANOTHER 

The PANELYTE deflector baffle was perfected after 
two years extensive cooperation (engineering and 
production) with Wright Aeronautical Corporation. 
Developed as a substitute for (then) critical aluminum, 
PANELYTE Baffles, approved by Army and Navy Air 

Corps, were adopted at that time by three large manu- 

facturers of air-cooled engines. 
These deflectors, completely immune to corrosion, 

effect a weight -saving of 20%, withstand wide range 
of temperature change, and are not subject to vibra- 
tional disintegration or fatigue. They have been 
flown more than 300,000 miles. In the case of the 

aletiCedale*W 
OF PANELYTE 

PANELYTE baffle, heat treatment, anodizing and paint- 
ing, are eliminated. Life expectancy, not yet deter- 
mined, is several times that of aluminum. Baffles are 
delivered complete with both rubber and metal, ready 
to assemble on the engine. Where higher temperatures 
are encountered asbestos base PANELYTE is used. 

Our Engineering Staff will work with you if mass 
produced laminated resinous parts (paper, fabric, as- 
bestos, fibre glass, or wood base) can save you money, 
improve your product, or increase your output. 

. e e 

Write for PANELYTE Data Book. 

Soles Offices: Atlanta, Boston, Chicago, Cincinnati, Cleveland, Dallas, 

Denver, Detroit, Kansas City, Los Angeles, Montreal, New Orleans, 

St. Louis, St. Paul. San Francisco, Seattle, Syracuse, Toronto, Trenton, Vancouver 

MASS PRODUCTION OF SHEETS, RODS, TUBES, MOLDED FORMS, FABRICATED PARTS 
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NAF 1148-4 AN 3060-6 AN 3054-16 
NAF 1148-6 AN 3061-4 AN 3054-20 
NAF 1149-4 AN 3062-4 AN 3054-24 
NAF 1149-8 AN 3062-8 AN 3066-16 
NAF 1149-12 AN 3063-4 AN 3066-20 

AN 3063-8 AN 3066-24 
AN 3063-12 

UNIONAIR conduit fittings have consistently 
earned a reputation as quality products. 100% 
inspection by UNIONAIR's skilled staff is insur- 
ance that their high quality will continue. 

Made strictly to AN and NAF standards. 

Junction Box Assemblies - Hydraulic Fittings 
Conduit Fittings - Junction Boxes 

UNION AIRCRAFT PRODUCTS CORP., NEW YORK 

negligible distortion for a sine 
wave, cannot be approached when 
complex- waves formed from many 
harmonic components in random 
phase relation are transmitted. This 
reduction in power output is due to 
the possibility at any instant of 
the amplitudes of all the compon- 
ents adding arithmetically, so that 
the voltage or current peak is the 
arithmetical sum of all the com- 
ponents, while the loudness of the 
power output is only thé root -mean - 
square sum. 

In an instrument tuned to the 
Just Scale, such as either of the two 
described, it is possible to fix the 
phase of all the components of a 
tone so that the peak amplitudes of 
all the waves could never add up at 
any instant. Even in an instrument 
tuned in the Tempered Scale this 
is worth doing, since the octave 
components, that is the sub -har- 
monic, and the second, fourth and 
eighth harmonics, are exactly cor- 
rect and a precise phase relation 
can be maintained. 

REFERENCES 
Fisher, S. T., "Electrical Production 
of Musical Tones". Jour. of the Soc. 
Mot. Pic. Eng., Mar., 1939. 
Hammond, L., U. S. Patent No. 1,- 
956,350. 
Fisher, S. T., U. S. Patent No. 2,- 
273.768. 
Hammond, L., U. S. Patent No. 2.126,- 
682. 
Fisher, S. T., U. S. Patent No. 2.293,- 
499. 
Fisher S. T., "An Engineer Looks at 
Music.;'-Jour. Eng. Inst. of Canada, 
Oat., 1942. 

Sound Psychology 
You CAN DO a lot with sound. You 
can use it as a direct emotional 
stimulus; you can induce a physio- 
logical basis for the generation of 
emotion. With sound, you can con- 
trol metabolism; you can increase 
or decrease muscular energy; you 
can increase respiration; you can 
increase or decrease pulse rate; you 
can control the threshold of sensory 
perception; you can reduce, delay, 
allay or increase fatigue. The tech- 
niques for accomplishing all these 
ends exist. It is susceptible of use 
as a part of an artistic idiom. To 
the extent permitted by technical 
limitations, it has been an element 
in the showman's art since there 
first were "shows". It still awaits 
full, conscious exploitation. 

The control of soúnd and its psy- 
chological and physiological effects 
are described by Harold Burris - 
Meyer of Stevens Institute of Tech - 
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STOP MOISTURE 
WITH LEXEL INSULATING TAPE 

Its astonishing ability. to resist moisture is a most 

important characteristic of Lexel insulating tape. Tests 

in our own and other laboratories show that it is 98.4% 

moisture resistant. Without special treatment of any 

kind, this naturally results in more efficient, compact 

and lighter installations, especially valuable in instru- 

ments, controls, electronic circuits and lead-in and 

hookup wires, where space is scarce. 
Additional compactness and weight saving also come 

from the fact that the conductor is always center -sealed. 

It is heat -sealed in a continuous helical tube of tape 

throughout every inch of its length. No extra material 
is needed for this insurance against off -centering. 

These qualities, plus its high dielectric strength and 

insulation resistance have gained acceptance for Lexel 
in a wide variety of military applications. They will 

prove equally valuable for products you are planning 
for peacetime production. 

We'll gladly send additional details, or provide test 
samples of Lexel tape or insulated wire for your 
experimental use. 

CUSTOM-MADE INSULATION 

As a regular service, Dobeckmun engineers also develop lami- 
nated. insulation products, custom-made to special purpose 
specifications, such as slot cell and phase insulation for motors, 
insulation for shipboard cables and other uses. If your require- 
ments are unusual, call on us. 

"LEXEL" is a registered trade=mark of The Dobeckmun Company. 

THE DOBECKMU 
INDUSTRIAL PRODUCTS DIVISION CLEVELAND 13, 0;110 

WESTERN SALES HEADQUARTERS SAN FRANCI:CO 
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NOT FOR GLORY 

This is no war for glory. This is a war in which all the vast 
mechanical energy of the greatest industrial nation of all 
time is directed toward one goal ... Peace. 

Webster Electric Company for many years has been one of 
the big producers of quality crystal and magnetic pickups 
... a vital part in the superior reproduction quality of the 
radio -phonograph sets which will bring relaxation to thou- 
sands of homes in these war -busy days. 

Much of Webster Electric's skill in their manufacture is now 
being devoted to important war tasks ... helping America's 
armed forces on land and sea toward the final goal. 

One day ... soon, we hope ... Webster Electric plans to 
take these war -tested and proven developments and pour 
them forth in a new mold as better products for peace. 

When that day comes, you can look to Webster Electric- 
builder of the finest in crystal and magnetic pickups-to be 
ready with even better radio -phonograph equipment for 
your pleasure. 

WEBSTER 
Established 

(Licensed under patents of the Brush Develop ment Company) 

ELECTRIC COMPANY, Racine, Wisconsin, U. S. A. 
1909. Export Dept.: 13 E. 40th St., New York (16), N. Y. 

Cable Address: "ARLAB" New York City 

WEBSTER 04 ELECTRIC 
"Where Quality is a Responsibility and Fair Dealing an Obligation" 

LET'S ALL BACK THE ATTACK - BUY MORE WAR BONDS! 

nology in a paper in which the 
above paragraph appeared and 
which was delivered at a meeting 
of the Society of Motion Picture 
Engineers and published in the 
Journal of the Society. The paper 
notes some of the implications of 
the application of sound to motion 
pictures. 

Included in the paper is a list of 
five methods of controlling sound in 
order to get the most from it. The 
list follows: 

(1) Control of the intensity of 
the sound. The dynamic range 
must be from several db below 
theater ambient noise level (in a 
well -designed theater, this level will 
stay substantially below 40 db), to 
at least 120 db, which is a perfectly 
tolerable intensity with tremendous 
effectiveness when used with dis- 
cretion. Such a dynamic range 
must not be accompanied by har- 
monic distortion at the peaks. It 
must be possible to record and re- 
produce sounds with steep wave 
fronts as found in explosions or in 
some compositions of Moussorgsky. 

(2) Control of the spectrum, 
which involves the ability to get 
any auditory signal, including fre- 
quencies above and below audible 
range, on the track and back off it 
again, to all members of the audi- 
ence. It means remaking, electron- 
ically reprocessing or synthesizing, 
any sound to give it any predeter- 
mined spectrum. It means a theater 
in which the sound is so distributed 
that all the frequencies on the track 
reach everyone in the house at sub- 
stantially the appropriate levels. 
Only with such control of spectrum 
will the drum in Emperor Jones 
have maximum effectiveness, or. 
cause the opera -goer to prefer the 
celluloid to the stage production. 

(3) Control of reverberation. 
This means not only electronically 
controlled over-all decay time, but 
control of the shape of the decay 
curve in at least three separate fre- 
quency zones. It means theaters 
with uniform sound decay patterns, 
with all variations therefrom car- 
ried on the film. Then an organ rec- 
ord may sound like a cathedral or- 
gan, echoes may be realistic, and a 
scene in a tent may sound like a 
scene in a tent. 

(4) Control of the apparent di- 
rection of the sound. This means 
having the sound come from any 
point in a sphere surrounding the 
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PROVIDES A LONG 

SNAP -ACTION LIFE 

M- A 

Micro Switch Operating Principle 
The operating urinciple of the Micro Switch as illustrated here is simple 
and fundamentally correct. The long member of the one-piece spring 
"C" is supported as a cantilever at "M". The two shorter compression 
members of the spring rest in specially shaped (patented' V's. When 
the plunger "E" deforms the long tension member, the cantilever force 
overcomes the vertical force supplied by the compression members and 
the free end of the spring "A" snaps the contact from one stop to the 

other with lightning -fast speed. Snap action in the reverse direction 
occurs when the deformation of the tension members of the spring by 

plunger "E" is removed. 

This one-piece beryllium copper spring is 

heat treated to provide the high fatigue 
resistance necessary to insure a minimum 
of 5,000,000 trouble -free mechanical 
operations, at full overtravel. 

The rivet type contact is of superfine 
silver 99.95% pure. 

The operating plunger is a highly polished, hard, 
stainless steel pin molded into an accurate Bake- 
lite head. This head is so shaped that it cannot 
rotate, hence bears on the switch spring at the 
same point through millions of operations. 

Micro Switch provides lightning -fast, snap -action control 
of electric circuits with reliable and positive operation 
accurately repeated over millions of cycles. 

This performance is made possible by use of the unique, 
field rested, and proven operating principles of the Micro 
Switch. The snap motion of the Micro Switch contact is 

in the same direction as that of the operating plunger. 
There are no reverse bends in the Micro Switch spring, 
and there is no life -limiting "oil can" action. 

The experience of design. engineers with millions of 
Micro Switches in a great variety of applications has 
shown performance ability and operating characteristics 
never before found in snap -action switches. 

Its small size, its high electrical rating, its ability to 
operate satisfactorily for millions of operations on minute 
movement and force differentials, its availability in vari- 
ous types of housings and a wide range of actuators .. 
have made Micro Switch the choice of design engineers 
for precise operation of many types of equipment. 

Micro Switch is Underwriters' listed and rated at 1200 
V.A., at 125 to 460 volts a.c. Capacity on d.c. loads de- 
pends on load characteristics. A wide variety of basic 
switches and actuators provides characteristics varying 
from high vibration resistance to sensitivity requiring 
only 2/1000 ounce inches of operating energy: 

Micro Switch Handbook -Catalog No. 60 will give you 
complete details as to electrical characteristics, con- 
struction, applications and dimensions. If you happen 
to be specializing in aircraft. equipment, also send for 
Handbook -Catalog No. 70. 

Micro Switch Corporation, Freeport, Ill. 
Branches: 43 E. Ohio St., Chicago (11) 4900 

<, Euclid Ave., Cleveland (3) 11 Park Pl., New York 
City (7) 1709 W. 8th St., Los Angeles (14) Sales & 

Engineering Offices: Boston - Hartford 

BUY ALL THE BONDS YOU CAN 

HUNDREDS OF SPOTS FOR MICRO SWITCHES 

An explosion -proof Micro Switch 
is used with a spray gun to cut 
off the ventilating system of the 
spray booth automatically when 
the gun is hung up. 

Micro Switches with push button 
actuators are used as safety 
switches on high tension cabinet 
doors. A normally open switch 
breaks circuit as door is opened. 

The trademark MICRO SWITCH is 

MICRO 

Two Micro Switches with spring 
type plungers are used to insure 
correct position of material in 
jigs and fixtures. 

Spring plunger Micro Switches 
serve as break indicators in tex- 
tile and paper mills. 

our property and identifies switches made by Micro Switch Corporation © 1944 

SWITCH 
Made Only By Micro Switch Corporation ... Freeport, Illinois, U. S. A. 



 

RESISTANCE WINDING 
PR S 

CLAROSTAT ` 

* Just turn that resistance -winding problem over to 
Clarostat specialists. You'll get two decades of winding 
experience, outstanding skill, and exclusive winding 
equipment. 

Clarostat winds all wire sizes even down to .0009" dia. 
Windings as fine as 600 to 700 turns per inch. Round 
windings up to 11/a" dia. Flat windings to 11/2" wide. 
Continuous lengths to several feet long. Intricate 
notched strip windings as shown at left, and also 
tapered strip and variable pitch windings, for compli- 
cated controls. String windings on fibre glass, asbestos, 
cord. 

Solving your resistance -winding problems is our busi- 
ness. Just put us to work for you. 

* SUBMIT YOUR PROBLEMS .. . 

If you are in need of a resistor, control or resistance 
device, we either have a standard unit already avail- 
able or can develop a special unit to meet your unusual 
requirements. Consult us. 

ewed.e4lG7 
CLAROSTAT MFG. CO., Inc. 185-1 N. 6th St., Brooklyn, N.Y. 

audience - from the projection 
booth, from below the stage, from 
over the proscenium, from the side 
wall, or from no place, or from an 
apparently moving source, i.e., 
starting in one location and ending 
in another. It means freeing the 
sound from the spatial limits of the 
screen so that the Angels' Chorus 
can be heard from above, or the 
laughter of Lazarus can develop the 
audience. 

(5) Control of the apparent dis- 
tance from which the sound comes. 
This suggests that the sound must 
appear to originate from any point 
or area in a sphere of any size sur- 
rounding the audience. It must be 
able to move along a straight or 
curved line from any point in any 
sphere to any point in any other 
sphere; for example, a mile behind 
the projection booth to a point 
within the ear canal of each mem- 
ber of the audience. The control of 
apparent distance involves, of 
course, control of direction and con- 
trol of spectrum. 

VHF Generators and 
Titanium at Chicago IRE 
Meeting 
THE LIMITATION of negative -grid 
triodes as very high frequency gen- 
erators, particularly due to transit - 
time effects, interelectrode capaci- 
tances and lead inductances, were 
discussed by John M. Cage of Allis- 
Chalmers Mfg. Co. at the March 
Technical meeting of the Chicago 
Section of IRE. Brief mention was 
made of the use of positive grid or 
retarding field and magnetron tubes 
for taking advantage of transit 
time effect. The major portion of 
the discussion was devoted to an 
outline of the behavior of tubes of 
the klystron type, in which electron 
velocities are periodically acceler- 
ated and decelerated to provide elec- 
tron grouping or bunching. 

The history of titanium com- 
pounds as dielectric materials was 
presented by G. M. Ehlers, chemi- 
cal engineer of Globe Union, Inc., 
who pointed out that a survey of 
literature in 1927 showed that ti- 
tanium was not used as a dielectric 
previous to this date but came un- 
der study by 1932. An important 
feature of titanium compounds is 
that they are tropic -proof. His talk 
served as an introduction to a tech- 
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If you believe in the future of America as we 
do, then we're asking for an appointment im- 
mediately after the victory has been won .. . 

when a bright new era awaits us all. 
Perhaps we can talk about a coil problem 

... how thoroughly we're organized to help 
you on such a problem only military censor- 
ship forbids telling now. Or it may be that 
you manufacture your own coils and will be in- 
terested in discussing magnet wire-any shape 
-any insulation that your operations require. 

ANACONDA WIR 

el`s.. get together! 
As a matter of fact, perhaps we can get to- 
gether now, but if it happens we can't, remem- 
ber we have a date in and for the future. When 
we both can keep it, you can again take advan- 
tage of Anaconda service and the benefits 
derived from the single product control "from 
mine to consumer" backed by years of contin- 
uous metallurgical experience. 
ANACONDA WIRE & CABLE COMPANY 
General Offices: 25 Broadway, New York 4 

Chicago Office: 20 N.Wacker Drive 6 
Subsidiary of Anaconda Copper Mining Co. 

Sales Offices in Principal Cities 
This familiar trade -mark 
symbolizes the best ef- 
forts of modern research 

and production. 

E & CABLE COMPANY 
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FLEXIBLE in Range .. . 
RIGID in Quality: 

* WILco THERMOMETALS (thermostatic bimetals) have the flexibility to 
meet any temperature control or electrical resistance requirement-and the 
quality.to maintain a tradition of excellence, which has continued unbroken 
for more than a quarter of a century. 
* Now functioning separately. now operating in conjunction with WILco 
Electrical Contacts, WILCO THERMOMETALS are helping America win the war 
of the air. the sea and the land-helping through their matchless perform- 
ance in Oil Temperature control, compensation in voltage regulators, and 
dependable action in many precision instruments. 
* Moreover, WILCO Aeralloy Electrical Contact Points are setting HIGH 
standards of service in aircraft magnetos.. Other WILCO Electrical Contacts 
are in tank, gun and ship applications-other WILCO THERMOMETALS in 
various instruments for the Army and Navy. 

* A SINGLE SOURCE OF SUPPLY-WILco facilities permit manufac- 
turing customers to secure both electrical contacts and thermostatic bimetal 
from a single source. This is important, for materials from these two groups 
are frequently used in conjunction, as parts in the same device. The most 
effective use of one necessitates a knowledge of the other. 

WILCO PRODUCTS ARE: Contacts -Silver, Platinum, Tungsten, Alloys, 
Powder Metal. Thermostatic Metal-High and Low Temperature with 
Electrical Resistance from 24 to 530 ohms per sq. mil, -ft. Precious Metal 
Collector Rings-For rotating controls. Jacketed Wire-Silver on Steel, 
Copper, Invar, or other combinations requested.. 

*WILCO sales and engineering representa- 
tives are familiar with both Electrical 
Contact and THERMOMETAL application. 
Send us your problems for analysis. 

THE H. A. WILSON ,COMPANY 
105 Chestnut St., Newark, N. J. 

Branches: Chicago * Detroit 

nical talk by Peter Sherwood on 

measurements of capacitance, leak- 
age, power factor, and temperature 
coefficients of ceramic dielectric ca- 
pacitors. This consisted largely of 
a discussion of the three or four 
most promising methods of meas- 
uring these electrical quantities and 
a description of the test procedures 
developed for this purpose by Globe 
Union. 

The meeting was held at Radio 
City, Milwaukee, where the 215 en- 
gineers were the guests of the Mil- 
waukee Journal, which operates the 
50 -kw f -m station WMFM. The 
guests visited the station and the 
new studios at Radio City. . 
New Math Tables 
FOUR NEW VOLUMES in the series of 
mathematical tables sponsored by 
the Bureau of Standards have been 
made available. They are: Table of 
reciprocals of the integers from 
100,000 through 200,009 (VIII -F 

204 pages) , $4.00; Table of Bessell 
functions Jo (z) and J, (z) for coin= 
plex arguments (XXLIV + 406 
pages), $5.00; Table of circular and 
hyperbolic tangents. and cotangents 
for radian arguments (XXVIII + 
412 page), $5.00. 

The volumes are bound in buck- 
ram and are uniform in appearance 
with those previously issued. Publi- 
cation of the volumes has been 
taken over by Columbia University 
Press, Morningside Heights, New 
York 27, N. Y. and orders should be 
sent to this address, not to the Bu- 
reau of Standards. 

X-RAY ON CRUISER 

The medical officer on a new light 
cruiser x-rays a member of the crew 
during the shakedown cruise. Official 

U. S. Navy photograph 
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SEAMAN FIRST CLASS 

TODAY he may be an Admiral 

-with sound equipment dart- 

ing his orders to every post on his 

flagship, and in instant two-way 

radio contact with every ship and 

plane in his command. 

But back in his "seaman first 

class" days, once a sailor left port 

his own stout lungs, or some little 

signal flags, were his chief means 

of communication. 

In this relatively tongue-tied 
world of fifty years ago, Stromberg - 

Carlson began its development of 

electrical communication systems. 

Since then, we have built up a wide 

background of experience in their 

design and construction. This 

is one of the chief reasons 

we are able to say with confi- 

dence, "There is nothing finer than 

a Stromberg -Carlson ! " 

Stromberg -Carlson has complete 

facilities for the production of elec- 

tronics equipment. Don't 
overlook Stromberg -Carlson 

in your post-war planning. 

STROMBERG-CARLSON 
ROCHESTER 3, NEW YORK 

A HALF -CENTURY OF FINE CRAFTSMANSHIP 
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SYMBOL 

OF THINGS TO COME 

This holder is a symbol of things to come, 
when you will be designing control crystals 
into radio receivers and other electronic de- 
vices. As that time nears we hope you will 
take advantage of the Pan -El engineering 
staff experience. We have learned a great 
deal about the nature, the use and the pro- 
duction of crystals, to the most exacting spec- 
ifications. We have learned how to bring 
down the cost to fit into your post -War price - 
brackets. All this experience and knowledge 
is at your service, without obligation. If we 

can help you use crystals, we will be helping 
our Industry. So feel free to ask our aid in 

your planning. 

PAN -ELECTRONICS LABORATORIES, INC. 
500 Spring St. N.W., Atlanta, Georgia 

QUANTITY PRODUCERS OF STANDARD AND SPECIAL 

0/11 j 

Examination of 
Quartz Crystals 

(Continued from page 117) 

The glass plate, underneath and 
accurately perpendicular to the rod, 
is pressed against a reference bar 
while the crystal is being cemented 
on it. As soon as the cement hard- 
ens the swivel fixture can be sep- 
arated from the crystal by soften- 
ing the wax with a small flame or 
by activating a built-in electric 
heater. Fixture and rod are with- 
drawn, leaving the crystal on the 
glass plate and ready for the saw 
table. There, the knowledge of the 
hand of the crystal, direction of the 
axes, and the type of cut to be 
made determines the final setting. 

The first cut is taken through the 
routine x-ray examination which 
determines any necessary final ad- 
justment of the saw table. Since the 
deviation of all axes from their cor- 
rect orientation will, as a rule, be 
small, this x-ray check does not in- 
volve "hunting" for a meter re- 
sponse as may be necessary with 
cuts initially farther from the cor- 
rect orientation. 

In conclusion, certain precau- 

DIELECTRIC HEATING 
OF PREFORMS 

The high -frequency generator at the 
left is used to heat preforms at the 
Plastics Industries Technical Institute in 
Los Angeles. It preheats one pound of 
compound per minute before molding in 
the compression press at the right. 
Made by Airtronics Mfg. Co., a division 
of Aerocrafts Corp., the unit is of value 
in research development and practical 

training of students 
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C.C. #50.343-1 
ritish Ref. #10H-418 

Signal Corps #PL -Q170 
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C.C. ,;50.397-1 
British Ref. ,110H-1191 
Signal Corps p.P1.-170 

British Ref. #10-13-41 

Signal Corps #PL -P170 
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Hear the General Elec- 
tric radio programs: 
"The G -E All -girl Or- 
chestra" Sunday 10 P.M. 
EWT, NBC. "The World 
Today" nexus every week- 
day 6:45 P.M. EWT, 
CBS. 

BUY WAR BONDS 

DELTABESTON 

P4a1e&s 
A POWER PLANT 

WHEN a four -motored bomber takes off it 
is a veritable power plant on wings that is 

similar to the most complex central station ex- 
cept for size. Power, lighting and communica- 
tion systems and instrument wiring are installed 
throughout the plane. These installations re- 
quire aircraft and radio hook-up wires, that 
must operate without failure in the most ex- 
treme climatic conditions. That's why major 
aircraft and radio manufacturers protect with 
Deltabeston Aircraft and Radio Hook-up Wires. 

Deltabeston Aircraft and Radio Hook-up 
Wires are constructed to resist intense heat, gas 
and oil; withstand abrasion and vibration; repel 
the action of flame, moisture and most cor- 
rosive vapors. They are light in weight, small 
in diameter and extra flexible. Deltabeston Air- 
craft Wires are available in sizes from AN -22 
to AN -2/0 and fully approved under Federal 
Specifications. Deltabeston Radio Hook-up 
Wires range in sizes from 22 through 6 but 
larger sizes can be supplied on request. They 
are constructed in low- and high-tension types; 
also available with tinned copper wire shield. 

For additional information write to Section 
Y545-119, Appliance and Merchandise Dept., 
General Electric Company, Bridgeport, Conn. 
Deltabeston Wires and Cables are distributed 
nationally by Graybar Elec. Co., G -E Supply 
Corp. and other G -E Merchandise Distributors. 

GENERAL ELECTRIC 

tions are recommended for the most 
efficient use of the rodometric 
method: 

(a) For cementing, a mixture of 
2herry-rosin and beeswax is suit- 
able. Some harder cement should 
be built around the mother quartz. 
before the final sawing. 

(b) The window should not be 
touched directly by the hand, and 
should be kept clean at all times ; 

this applies also to the lenses and 
the oil bath in the rodometer. 

(c) A regular check for align- 
ment of the instruments is advis- 
able. 

Figures 4, 5 and 6 were kindly 
supplied by Professor Cady. Grate- 
ful acknowledgement for helpful 
suggestions also is extended to Pro- 
fessor J. R. Harrison of Tufts Col- 
lege and to Mr. John M. Wolfskill 
and the research staff at Bliley 
Electric Co. of Erie, Pa. 

REFERENCES 

(1) de Gramont, Armand, Recherches 
sur le Quartz Piezoelectrique, Paris, 1935. 

(2) Dolton. G. J., Theory and Applica- 
tion of Etchfigures on Quartz, thesis, Wes- 
leyan University, Middletown, Conn. ; also 
in. pending patent. 

(3) Cady, W. G., and Van Dyke, K. S.. 
Proposed Standard Conventions for Ex- 
pressing the Elastic and Piezoelectric Prop 
ernes of Right and Left Quartz, Proc. IRE. 
30, p. 495, Nov. 1942. 

(4) Detailed technical information and 
listings of supply sources for components 
are given in the Manual for the Constructign 
and Use of the Rodometer, Scott Labora- 
tory, Wesleyan University, Middletown. 
Conn. 

ARCTIC RADIO TEST 

Aircraft radio instruments are tested in 
this cold chamber at 65 deg below zero 
at the radio division of Bendix Aviation 
Corp. Flexible coverings over the 
portholes of the chamber permit the 
muff -covered hand of the operator to 
adjust the controls of the equipment 
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Q -MAX A-27 
versus: 
TYPICAL 

INSULATING COATINGS 

Unmatched for use in radio 
frequency applications, Q -Max A-27 
has a low loss factor which remains 
nearly constant as frequencies increase 
from 1 megacycle. Its film is tough, 
uniformly heavy and self -leveling; it 
has a solids content of 45% and its low 
viscosity permits either brush or dip 
application. A study of properties and 
test values of this new, improved in- 
sulating lacquer is available and will 
be sent, on request, to engineers and 
manufacturers in the radio field. Write 
for the Q-MaxA-27 booklet... twenty- 
four pages of test data, photographs 

and test curves valuable to those inter- 
ested in insulation for high frequency 
circuits. 

Q -Max A-27 has innumerable appli- 
cations in the R.F. field. Among them: 
R.F. solenoid windings; impregnation 
for multi -layer or star coils; as a tape 
saturant; as a stiffening or strengthen- 
ing medium; surfacer for woid or 
other porous materials; 
treatment of R.F. coils. 

Shipped direct from 
our Jersey City factory, 
in 1-, 5- or 55-gallo.t 
containers. 

Q -MAX CHEMICALS DIVISION 

PRODUCTS COMPANY, INC. 

8744 BROAD ST., NEWARK 2, N. J. FACTORY: 346 BERGEN AVE., JERSEY CITY, N. J. 

Coaxial Transmission Line and Fittings Sterling Switches Auto-Dryaire 
Antenna and Radiating Systems Q -Max A-27 Radio Frequency Lacquer 
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NEWS OF THE INDUSTRY 
Quartz and tubes for civilians; Canadian 
radar -electronics; Science Talent Search 
winners; General Ingles tells of equip- 
ment in tropics; Chicago War Produc- 
tion Conference; London news letter 

Surplus Electronics 
Components 
A CLEARING HOUSE for the inter- 
change of inventories of surplus 
radio and electronic components be- 
tween prime contractors, the armed 
services and the Radio and Radar 
Division of WPB has been provided 
by organization of a Component 
Recovery Section in the Division. 
The section was established after 
the program was recommended and 
approved at various WPB Industry 
Advisory Committee meetings. The 
plan is to return surplus compon- 
ents to the productive stream and 
thus smooth the flow of production 
of end equipment required in the 
greatly increased military electron- 
ics program this year. 

The Component Recovery Section 
receives idle and excess inventory 
lists resulting from cancellations, 
terminations and changes in prime 
contracts -and also surplus inven- 
tory lists from the Armed Services 
and prime contractors. In turn, the 
Section distributes these lists to 
Army contracting officers and Pro- 
curement Districts, A N E P A 
(Army -Navy Electronics Produc- 
tion Agency), the Radio Material 
and Supply Officers of the Navy and 
to prime contractors requiring crit- 
ical components. 

Possibilities for 1948 
IF THE CONDITIONS assumed by 
"Foreign Trade after the War" 
(the statistical study and projec- 
tion recently made by the Bureau 
of Foreign and Domestic Com- 
merce) are reached, and the total 
exports of electrical and electronic 
goods in 1948 amount to $195,000,- 
000, then the following estimated 

distribution will be a possibility: 
Millions 

of dollars 
Generators, converters, arc 

welding and generator 
parts and accessories 14.0 

Primary batteries 5.3 
Secondary batteries 5.0 
Transformers 6.3 
Power switches, lightning ar- 

restors, etc. 4.0 
Power switchboards 2.0 
Meters and . testing equip- 

ment 6.5 
Motors and parts 20.0 
Motor controls 4.0 
Electric locomotives 2.0 
Station and warehouse trucks .4 
Portable electric tools 2.0 
Electric lamps. 2.0 
Lighting fixtures 5.0 
Electric refrigerators 24.0 

Other motor -driven household 
appliances 7.5 

Domestic heating appliances 2.0 
Industrial electric furnaces 2.0 
X-ray and therapeutic appara- 

tus 3.5 
Radio transmitting and re- 

ceiving apparatus 33.0 
Wire -communication appara- 

tus 6.0 
Wiring devices . 7.5 
Other electrical appliances, 

n. e. s. 31.0 

Total 195.0 

Quartz Released for 
Civilians 
THE PERMITTED USES of quartz 
crystals have been extended to in- 
clude purposes other than military 
by the War Production Board, in 
amending Order M-146. Previously, 
crystals were available only for war 
purposes. 

Quartz crystals may now be used 
for manufacture of radio oscillators 
and filters for commercial broad- 
casting stations and communica- 
tions systems and for Governmental 
activities directly connected with 
defense, public health, welfare, or 
security. This will permit police, 

BLIND REPAIR RADIOS FOR ARMY 

More than 250 radios have been puy in good working order by blind students at the 
New York Institute for the Education of the Blind. Supplied by the Special Services 
Division of the Army, the sets are repaired by the students and returned to be sent 

to hospital ships, camps and recreation centers 
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It's tiny but it's 
engineered to the job 

The little metal tab above serves to illustrate the 
extent to which Techrad engineers go in the production 
and development of superior radio equipment. Instead 
of considering it as just a soldering lug Techrad en- 
gineers approached it as a major project. As a result of 
this engineering a better method of manufacture was 
born. In Techrad products you'll find hundreds of 
these little tabs ... forming tap switch contacts, connec- 
tor panels saving time and confusion in production. 

Years of experience have taught Tech - 
rad engineers that careful attention to 
details is what builds a superior prod- 
uct. No matter how minor it may seem 
- if it is to become a part of Techrad- 
made equipment you can depend upon 
its being thoroughly engineered to do 
the job well. 

The value of such careful engineering 
is clearly evidenced by the performance 

of Techrad products. You'll appreciate this fact once 
you adopt them- or employ the assistance of Techrad 
engineers. Such assistance is available to you with- 
out cost or obligation. Simply write, giving details 
of your problem. 

Remember Master En- 
gineering takes nothing for 
granted... not even a solder- 
ing lug. 

Technical Radio Company 
Over ten years of continuous experience 

275 Ninth Street San Francisco, California 
Export Agents: Fra-ar & Hcnsen, 301 Clay St., San Francisco, California, U.S.A. 

TECHRAD 

7.4 1 
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ELECTRIC 

HANDLES WITH THE EASE OF A 
FOUNTAIN PEN 

Slim, tapered, heat -proof plas- 
tic handle with non -tiring cork 
grip - ideal for women opera - 

ors. Overall length, 7 -inches. 
Weight, 3.6 oz. 

REPLACEABLE SOLDERING TIPS 
FOR EXTRA ECONOMY AND 

LONGER LIFE 

Unscrews like a light bulb! 
When long - life heating ele- 
ment finally wears out, just un- 
screw it and insert new tip. 
Replaceable elements, 500. 

UNGAR SOLDERING 

PENCILS 

Now Saving Time, 

Money and Effort for 
. U.S. ARMY 

AND NAVY 

. RADIO 

MANUFACTURERS 
AND ENGINEERS 

. INSTRUMENT 
MANUFACTURERS 

. AIR TRANSPORT 

COMPANIES 
. RADIO 

MAINTENANCE MEN 

. TELEPHONE 
REPAIR MEN 

. WIRING 
CONTRACTORS 

THE uNGAR 

soLPgR/NG 

PENCIL 

An Efficient, Light -as -a -Feather 
Soldering Instrument, 

Designed for 
Speedy, Precision Production 

HERE is the ideal soldering iron for 
hard -to -reach work ... overall weight 
only 3.6 ounces ... perfectly balanced 
... ruggedly constructed ... with long - 
life replaceable heating element. A 
dependable, high quality instrument, 
designed to cut production time and 
production costs. 

Used in the assembly and repair of 
radio and Radar apparatus and delicate 
aircraft instruments, the Ungar Solder- 
ing Pencil affords ease of operation and 
added economy - beats in 90 -seconds, 
draws only 17 - watts. Originally de- 
signed for smaller, intricate soldering 
operations, it can also be used to great 
adavantage for handling larger bulky 
production problems. 

The complete Ungar Soldering Pen- 
cil, #207, in quantities, sells for $1.00 
each. Extra #536 heating elements are 
50¢ each. Priority required on all 
orders. Immediate delivery. 

Orders for UNGAR SOLDERING PENCILS 
and replaceable Heating Elements are now 
being filled. Direct your order to: 

HARRY A. UNGAR, Inc. 
615 Ducommun St., Los Angeles 12, Calif. 

Hw71/Ä lfijgar/nc 
MANUFACTURERS OF ELECTRICAL WAR PRODUCTS 

forestry service and similar activ- 
ities to get equipment they need. 

Quartz for the manufacture of 
optical or electrical parts for use 
in research or production instru- 
ments manufactured to fill orders 
rated AA -2X or better has also 
been made available. 

18 Million Civilian Tubes 
IF MILITARY ORDERS are completed 
and if facilities and labor are avail- 
able, manufacturers are permitted 
to produce "over -runs" above quota 
of vacuum tubes for civilian use. 
Because of this, at least 18,000,000 
"MR" (maintenance and repair 
types) tubes are anticipated for ci- 
vilians this year. 

'Although such increased produc- 
tion will not meet all present civil- 
ian needs for radio tubes, the War 
Production Board expects it to im- 
prove materially the current short- 
age. Because of the backlog of de- 
mand for tubes, longer radio listen- 
ing hours, and the use of old or re- 
paired radios, the number of tubes 
needed for replacement by civilians 
in 1944 has been estimated at more 
than 41,000,000. 

The WPB directive to manufac- 
turers to trade types each manufac- 
tures will make possible more 
equitable distribution. This would 
provide each company with a bal- 
anced* stock of tubes from which 
jobbers will be able to obtain a cer- 
tain percentage of their 1941 pur- 
chases. 

RMA Electronics Promotion 
EMPHASIS ON the important part 
that radio and electronic manufac- 
turers have played in the war effort 
will be placed in a Radio Manufac- 
turers Association campaign plan- 
ned by the RMA advertising com- 
mittee. 

The opinion was expressed by 
committee members that the pub- 
lic had not been sufficiently in- 
formed of the vital part the radio - 
electronic companies had played in 
producing essential equipment for 
waging the war. Detailed plans for 
accomplishing this purpose will be 
developed at future meetings of the 
committee and by the board of di- 
rectors. 
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THE MOST ECONOMICAL METHOD 
THE MULTI -SWAGE terminal pins 

shown above cost the buyer but a frac- 
tion of the price he formerly paid for similar 
parts made by another method. Further- 
more, the MULTI -SWAGE pins are gang 
assembled in one operation. With the 
machined parts, each individual terminal 
was spun in separately. This saving of time 
and money is tremendously important to the 
manufacturers of war equipment. It will be 
equally important in readjusting manufac- 
turing cost to meet post-war competitive 
conditions. 

The BEAD CHAIN MULTI -SWAGE 
PROCESS automatically forms small metal 

Back the Attack 

parts from flat stock or rod without cutting 
away metal, either externally or internally. 
MULTI -SWAGE lends itself to accurate, 
high-speed, high -volume production. Our 
Research and Development Division will 
gladly estimate the cost of producing your 
small, solid or hollow, cylindrical metal parts 

by MULTI - 

SWAGE.. 

4D CH iN 

multiswä e 
THE MOST ECONOMICAL METHOD OF PRODUCING SMALL PROCESS METAL PARTS TO CLOSE TOLERANCES WITHOUT WASTE 

These are typical 
"Multi -Swage" prod- 
ucts. This process will 
turn out large volume 
speedily while main- 
taining -close tolerances 
accurately. 

Buy War Bonds 

THE BEAD CHAIN MANUFACTURING COMPANY 
88 MOUNTAIN GROVE STREET, BRIDGEPORT 5, CONNECTICUT 
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1 R011T SERVICE 
FOR PRECISION -FABRICATED PLASTICS 

SILLCOCKS-MILLER OFFERS YOU A DEPENDABLE SOURCE 

FOR QUALITY FABRICATION TO CLOSE TOLERANCES 

As pioneers in precision -fabricated 
plastics, The Sillcocks-Miller Company 
has led the way in developing plastic 
parts and products to extremely close 
tolerances. Today, this organization 
combines 34 years of experience and a 

thorough knowledge of plastic materials 
with complete modern facilities for the 
manufacture of a wide variety of high 
quality products to customers' specifica- 
tions. Since the war, the company has 

been supplying many branches of the 
armed forces and vital industries with 
precision - fabricated instruments to 
hasten Victory. 

To help you solve your post-war 
problems in plastics, Sillcocks-Miller 
engineers provide this 4 -point service: 

1. Helping you work out your own 
ideas. 

2. Developing new ideas to meet your 

individual requirements. 
3. Advising you on the most practical 

and economical methods of fabricating 
your products. 

4. Selecting the right plastic material 
for your purpose. 

It will pay you to consult these leading 
specialists in precision -fabricated plas- 
tics. There is no obligation. 

NEW BOOKLET fells the complete story. Write for your copy today. 

THE SILLCOCKS-MILLER COMPANY 
OFFICE AND FACTORY: 10 PARKER AVENUE, WEST MAPLEWOOD, N. J. 

MAILING ADDRESS: SOUTH ORANGE, N. J. 

IT COSTS YOU LESS TO PAY A LITTLE MORE FOR SILLCOCKS-MILLER QUALITY 

Canadian Radar and 
Electronics Industry 
FACTS AND FIGURES on the produc- 
tion of communications equipment 
in Canada were disclosed by the 
Honorable C. D. Howe, Minister of 
Munitions and Supply, in a speech 
on war appropriations made in the 
Canadian House of Commons. Ex- 
cerpts from the speech follow. 

"The value of our production in 
communications in 1940 was one 
million dollars, in 1942, 60 million 
dollars; and in 1943, 136 million 
dollars. The radio and communica- 
tions industry is now operating at 
a level some eighteen times greater 
than in 1939. We have orders on 
our books to the value of 400 mil- 
lion dollars, and we do not expect 
to reach peak production until the 
second quarter of 1944. 

"There are approximately 4500 
different items in current produc- 
tion by some fifty prime contractors 
and several hundred sub -contrac- 
tors. The items include: Ampli- 
fiers, antennas, cable, radio com- 
passes, remote control units, radio 
direction finders, signalling lamps, 
23 types of radio transmitters, 
power generators, quartz crystals, 
25 types of radio receivers, 19 types 
of transmitting and receiving sets, 
6 types of telephones, radio tubes, 
and switchboards, to mention but a 
few. 

Radar 

"Some twenty major types of 
radar equipment have been devel- 
oped for a variety of applications, 
ranging from one type of anti-air- 
craft defence having 60,000 com- 
ponents, and 270 radio tubes, 
mounted in several large trucks, to 
small compact airborne units used 
for submarine detection at sea and 
target location on land. 

"Obviously, this is a type of 
equipment in which there must be 
constant and rapid improvement if 
we are to maintain our superiority 
over the enemy. This means fre- 
quent change in design, which in 
turn requires great flexibility in 
production methods. 

"A major factor in the produc- 
tion of communications equipment 
has been the contribution of Re- 
search Enterprises Limited, a 
Crown company which was set up 
in the early months of the war. In 
1943, the total value of the corn - 
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1-Type J Bradleyometer with cover removed. 2- 
Type JS Bradleyometer with built-in switch. 3-4 
Bradleyometers assembled in triple and dual con- 
struction to fit particular control needs. 5-Type J 

Bradleyometer. 6-A And 1 watt Bradleyunits. 

Sectional views of Bradleyometers showing how ter - 
in nuls are imbedded in solid molded resistor element. 

eettir»ZedidAd for all extremes 
of service conditions 

' These adjustable and fixed resistors are solid, molded units which 
are not affected by heat, cold, moisture, or hard use. 

The Bradleyometers are the only composition type adjustable 
resistors that will consistently stand up under the Army -Navy 
AN-QQ-S91 salt spray test. Insulation, resistor material, terminals, 
face plate, and threaded bushing are molded into a single unit. 
The resistor element has substantial thickness (approximately 1/32 
inch) and can be varied during manufacture to provide practically 
any resistance -rotation curve. Once the unit has been molded, its 
performance does not change. Bradleyometers are the only con- 
tinuously adjustable resistors having a two -watt rating with a good 
safety factor. Enclosures are dust -proof and splash -proof. 

Bradleyunits are molded fixed resistors with lead wires imbedded 
in the homogeneous resistor material. They will sustain an overload 
of ten times rating for a considerable period of time without fail- 
ing. No special wax impregnation is necessary to pass the salt 
water immersion test. Available in insulated and non -insulated 
types. Write for details. 

Allen-Bradley Company, 110 W. Greenfield Ave., Milwaukee 4, Wisconsin c 

ALLEN -BR DLEY 
FIXED & ADMSTABLE RADIO RESISTORS 

QIIALITV 

ELECTRONICS - May 1944 261 



FINE COMB 
Ever vigilant, Lafayette Radio Corporation's tracers fine -comb the 

field for radio and electronic components and equipment. We deal 

only with top-flight manufacturers, so quality and performance are 

assured. And the accent throughout is on Service. Wherever possible, 

same -day deliveries are maintained. If technical and priority prob- 

lems perplex you-we've got 25 years of experience behind us to 

help pull you through. Call, write, wire, or teletype-either to 

Chicago or Atlanta. Orders, in any quantities, filled from both cities. 

Note: we build equipment to specifications. 

Write or wire Dept. G-5 for our new 8 page circular listing 
merchandise available for immediate delivery. All of this 

material is subject to prior sale. 

If you lice in or near one of the 35 blood bank center cities, call the 
Red Cross today for an appointment your blood is needed. 

La4etk P«d0 Corp. 
901 W. Jackson Blvd., Chicago 7, Illinois* 265 Peachtree Street, Atlanta 3, Georgia 

munications equipment produced 
by the Company was 60 million dol- 
lars. The Company also has pro- 
duced optical equipment and instru- 
ments to the value of 10 million dol- 
lars. From its optical glass, Re- 
search manufactures binoculars, 
range finders, and a wide variety of 
other instruments. 

"The communications industry is 
also producing fire control boxes 
and other sonic devices of many 
types, including torpedo compo- 
nents and a wide variety of gun -lay- 
ing instruments. The entire com- 
munications program is co-ordi- 
nated by the Signals Production 
Branch of the Department of Muni- 
tions and Supply. This has resulted 
in the elimination of waste through 
the simplification of manufactur- 
ing practices and the more efficient 
use of manufacturing capacity." 

Scholarships Awarded in 
Science Talent Search 
IN THE THIRD ANNUAL Science Tal- 
ent Search, the top scholarship 
awards, four-year $2,400 Westing- 
house Science Grand Scholarships, 
went to Anne Hagopian, 16, of New 
York City, and Charles Davidson, 
18, Fort Bridger, Wyo. 

Eight other teen-age scientists 
received four-year Westinghouse 
Science Scholarships worth $400 
each, three were awarded $200 
scholarships, and 25 were granted 
one-year scholarships of $100 each. 
The scholarships were presented by 
Dr. Harlow Shapley, Director of 
the Harvard College Observatory 
and chairman of the board of 
judges of the Science Talent Search. 

The Search is conducted each fall 
by Science Clubs of America, 
through more than 4,000 affiliated 
high school clubs. The scholarships 
are provided by Westinghouse 
as a contribution to the advance- 
ment of science in America. They 
can be used to attend any degree - 
granting college or university of 
the recipient's choice, subject to the 
approval of the scholarship com- 
mittee of the Science Clubs of 
America. Scholarships will be held 
in trust, for use after the war, for 
any recipients unable to use them 
immediately because they enter 
military service. Acceptance of the 
Science Talent Search scholarships 
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How to cure a droop- 
with a Telechron motor 

L -J 

TELECHRON synchronous motors power the 
automatic droop corrector in this control panel 
for heat -treating furnaces. 

Around the clock, these sturdy little motors 
keep temperatures in line with loads in the 
nation's metal industries - saving vital fuel, 
conserving process materials, speeding produc- 
tion with economy. Even before changes are 
big enough to show on the charts, Telechron 
motors step in to help hold furnaces at peak 
efficiency. 

As adaptable as they are dependable and 
accurate, these motors make hair-trigger con- 
trol of industrial processes possible in many 

MAKERS 

The 
heart 
of the 
installation 

fields. Motors are available for 12 to 250 volts 
for all commercial frequencies and from 1 to 
1800 rpm. Their industrial applications 
include: 

Timing Cycling 
Controlling Operations 
Metering Signaling 
Recording Fixed Process 
Switching Controlling 

Measuring 
Gaging 
Regulation 
Communications 

For 25 years we have been supplying industry 
with self-starting synchronous motors for all 
kinds of timing, recording and control jobs. 
Our experience is at your service. Just write 
to the Motor Advisory Service, Dept. C. 

9-/itart 
REG. U. S. PAT. OFF. 

WARREN TELECHRON COMPANY, ASHLAND, MASSACHUSETTS 

OF TELECHRON ELECTRIC CLOCKS AND SYNCHRONOUS MOTORS 
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110W TO MAKE 

TNE6MAL 
CONTROLS 
Smc//ei.. lighter 

The greater activity of Chace Ther- 

mostatic Bimetals ... types 6650 and 
6850, as compared with other bimetals, 

permits the designing of smaller and 
lighter weight temperature indicating, 
compensating and thermal controls 

when either is used as the responsive 

element. 

Chace makes 35 different types of ther- 

mostatic bimetal and each of them 
offers specific advantages in efficient 

building of thermal controls. Whether 
your controls function in war time 
machines or in peace time products, 
whether in aircraft or marine, in in- 

dustry or in the home, there is a type 

of Chace Thermostatic Bimetal exactly 

suited to your demands. 

Send us detailed information regarding 
your problem and get our recommen- 
dation for type of thermostatic bimetal 
best suited to your needs. 

W M ill AC E 
Thermostatic Bimetá s and Special Alloys 

1630 BEARD AVE DETROIT 9, MICH. 

11i111IInIIIIiIIIIIII1IIIIIInN 

does not prevent recipients from ac- 
cepting other scholarship offers. 

Charles Davidson, the top boy fin- 
alist, is a country boy, who in ad- 
dition to his scientific interests em- 
bracing such subjects as electronics, 
hemistry, microscopy, painting and 

biology, is an athlete. He was cap- 
tain of the football team at high 
school, and won a light -heavyweight 
boxing award. 

He has been working for the past 
six years on his own scientific 
projects and has built a highly de- 
partmentalized home shop to ac- 
commodate his interests. One of 
his projects is the design of an "in- 
visible searchlight", using infrared 
rays and an electronic pick-up, for 
military use in scanning enemy 
battle lines " undetected. He plans 
to become a research scientist. 

Sixteen -year -old Anne Hagopian, 
who is small and dark-haired, is the 
youngest girl finalist ever selected 
to receive the Westinghouse Sci- 
ence Grand Scholarship. A student 
at the Brearley School in New York 
City,, she paints and draws in addi- 
tion to her scientific interests. She 
has constructed models of atoms, 
and an original model to demon- 
strate principles of geometry. She 
plans to attend Radcliffe College 
and become a research physicist. 

Underwriters' Labs 
Fifty Years Old 
CELEBRATING ITS fiftieth anniver- 
sary, Underwriters' Laboratories, 
Inc. has come a long way in its abil- 
ity to serve clients, sponsors, and 
the public since its inception half a 
century ago in a small room over 
the horses" of Fire Station No. 1, 
Chicago, where its staff consisted 
of one engineer, an assistant and a 
clerk. Laboratory equipment was 
a bench, a table, a few chairs, and 
$350 worth of electrical apparatus. 

The Laboratories are an out- 
growth of the first Chicago World's 
Fair in 1893 where one of the fea- 
tures was Edison's incandescent 
lighting. During the construction 
period, a number of fires were 
caused by the new lighting system 
and insurance interests in Boston 
sent an engineer to Chicago to in- 
vestigate the hazards of the electric 
light. That engineer was William 
Henry Merrill, founder -president 
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STRUTHERS-DUNN 

EXTREMELY CLOSE 
DIFFERENTIAL 

.between pick-up and drop -out 
for either current or potential 
operation may be obtained by use 
of a resistor across the coil of the 
79XAX, thus reducing coil current 
to a value just sufficient to hold 
the contacts closed. Any further 
decrease in current or voltage will 
operate the contacts. 

, Extreme sensitivity, can also be 
obtained by use of a resistor, and 
the addition of a special coil to the 
79XAX. These maintain the relay 
ina balanced condition. Any slight 
unbalance of the bridge or other 
power source will, through the 
upper coil, buck or boost the 
lower coil and cause the contacts 
to snap -operate. 

Sensitive, Snap -Action Operation 
FOR USE ON SLOWLYVARYING COIL CURRENTS 

In addition to all of the advantages of 
conventional sensitive relays, Struthers - 
Dunn Type 79XAX is designed so that 
its armature practically completes its 
travel before the contacts snap -operate 
to the corresponding position. This, 
plus the fact that contacts remain closed 
with full pressure up to the instant of 
transfer, permit this relay to be used in 
a number of unusual ways. Such appli- 
cations include overcurrent protection 
particularly in the range of 1 to 100 
milliamperes, or in connection with 
shunts furnishing potentials in the 

range of 1 to 100 millivolts; pulsing 
circuits where the relay must "pump" 
or "scratch its own back"; sensitive 
vacuum tube circuits, and various others. 

Normal sensitivity is 0.01 watt, 
although this sensitivity can be height- 
ened by means of various circuit 
arrangements. Contact arrangement is 
S.P.D.T., and contact rating 10 amps. 
110-V a.c., and 10 amps. 24-V d.c. 
Balanced construction withstands 
10 G vibration and shock. Write for 
Data Bulletin describing this relay 
and giving circuit diagrams. 

STRUTHERS-DUNN, INC., 1321 ARCH STREET, PHILADELPHIA 7, PA. 

ONE OF THE STRUTHERS-DUNN 

5,288 RELAY TYPES 
DISTRICT ENGINEERING OFFICES: ATLANTA BALTIMORE BOSTON BUFFALO CHICAGO CINCINNATI CLEVELAND DALLAS DENVER DETROIT HARTFORD 

INDIANAPOLIS LOS ANGELES MINNEAPOLIS MONTREAL NEW YORK PITTSBURGH ST. LOUIS SAN FRANCISCO SEATTLE SYRACUSE TORONTO WASHINGTON 
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// NERE's 

CENTRALIZE 
AND 

eTIONPRO 

ASSEMBLY 
IN 

, 

"PACKAGED METAL ENGINEERING*" 

saves you time, money, labor on 

PRECISION FABRICATION and ASSEMBLY 

Grammes with 69 years of specialized experience in "Packaged Metal 
Engineering" can provide the centralized precision fabricating skill, clever as- 
sembly methods, know-how abilities, and vast facilities for jobs that are intri- 
cate, varied, and unique. 

The radio panel job is a masterpiece of combination metal etching, decorative 
enamel finish, contrasting color fill-in of letters, 62 accurately positioned holes, 
separate parts manufacture, assembly of parts to panel-a complete unit ready 
for final assembly by our customer. Typical Grammes production and assembly 
ingenuity that fabricates and assembles metal products faster, better, and more 
economically! 

*In one package ... in one service, we take over.ALL responsibility-acting 
as YOUR factory, from Design Research to Drop Shipments. Let these all- 
inclusive "Packaged Metal Engineering" services help you save time, money, 
and labor with Grammes PRECISION FABRICATION & ASSEMBLY. 

COMPLETE, VERSATILE, UNDER- ONE- ROOF FACILITIES 

STAMPING ETCHING HARD ENAMELING MACHINING 
DRAWING LITHOGRAPHING SCREW MACHINES SPRAYING 

SPINNING TOOLS & DIES LINE ASSEMBLY HEAT TREATING 

WIRE FORMING EMBOSSING DRILLING WELDING PLATING 

CONTRACT SERVICE -9~f COMPLETE meutalaetevue aoa' ee 
For idea product development and improvement to post-war 
manufacture, Grammes Contract Service facilities are available 
NOW for Research, Design, and Engineering. Let us work 
with you, complete confidence assured. Send for our booklet 
"Contract Service by Grammes"-address Dept. 1-5. 

DECORATED METAL PRODUCTS ETCHED DIALS PANELS PLATES 

CONTACTS TERMINALS CLIPS LUGS ETC. 

NEW YORK 

"MASTER CRAFTSMEN IN METAL" 

464/1/01/La 
ESTABLISHED 1875 

CHICAGO DETROIT CLEVELAND PHILADELPHIA 

of the Underwriters' Laboratories. 
Following the fire horses at each 

call to the fairgrounds, Merrill's 
job was to determine what piece of 
electrical equipment, if any, had 
caused the fire and why. This work 
and the reports written attracted 
considerable attention in manufac- 
turing and insurance circles. 

The tale is told how one day Mer- 
rill was sitting in a poker game 
with the boys of Fire Patrol Sta- 
tion No. 1 when the signal for the 
station sounded on the automatic 
alarm system. No one seemed to 
notice it. The game continued. The 
alarm was repeated, and a moment 
later the signal sounded the third 
time. Mr. Merrill turned to the 
Chief. "Isn't that your call?" he 
asked. "Yes," replied the Chief, 
"but we don't answer that. It's 
on the automatic system and even 
the horses know it's a false alarm 
and won't come out of the stalls." 
This incident is credited with hav- 
ing started the engineers on an 
investigation of the faults and fail- 
ures then existing in automatic fire 
alarm systems. 

Today, the Laboratories main- 
tain, at the main testing station in 
Chicago, seventeen departmental 
laboratories equipped with much 
unusual and unique test equipment. 
Much of the special equipment is 
designed by the engineers and some 
is constructed in the Laboratories' 
shops. Other testing stations are 
maintained in New York, San Fran- 
cisco and the vicinity of Chicago. 

Three hundred seventy-five thou- 
sand products have been approved 
by Underwriters' Laboratories to 
date and are listed in its booklets 
of tested and inspected items. As 
50 percent fail the first time they 
are tested, many more than 375,000 
products have been investigated. 
The 5,000 manufacturers of ap- 
proved devices, materials, and sys- 
tems produced in a normal year, in 
their more than 5.500 factories, half 
a billion of these safeguarded 
articles. 

General Ingles Reports on 
Signal Corps in Pacific 
No DELAY IN MILITARY operations 
has occurred because of lack of 
communications material and no 
critical shortage of Signal Corps 
equipment exists in the Pacific 
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TRANSMITTING TUBES 

CATHODE RAY TUBES 

SPECIAL PURPOSE TUBES 

KE _RAD 
EXECUTIVE OFFICES 

OWENSBORO KENTUCKY 
EXPORTS l9 MOORE STREET NEW YORK 

RECEIVING TUBES 
INCANDESCENT LAMPS 

FLUORESCENT LAMPS 
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SEQUENCE PROBLEM? 

.. Perhaps This 20 Milli - 
watt Sensitive Aircraft 
Time Delay Relay Is Your 
Answer. 

TYPE 5FMD 
MAKE -DELAY 
0.2 SEC. 

INPUT 
.020 WATT 

FOR 
AIRCRAFT 
SERVICE. 

All Sigma 

Type s Sen- 

sitive Relays 

can be furnished with 

time delay features. 

A delay on "Make' of 0.2 sec. or somewhat more on "Break" 

can be provided with a power input (for Aircraft Service) of 

20 milliwatts. This extra input power is necessary because of 

the fact that much of the coil space is occupied by copper 

slugs. 

In contemplating the use of this type of relay, it is well to note 

that the better regulated the power source, the more precise 

the time interval. For maximum delay, the current supplied 

should be not over io% greater than that required to just 

energize the relay. 
Furnish us with complete details 
regarding your requirements (a ques- 
tionnaire is enclosed with our printed 
data to facilitate this) and be assured 
of best possible solutions to your 
sensitive relay problems. 

igllit Instruments INC. 

C.Zeind-d/we RELAYS 
NEW ADDRESS 62 CEYLON STREET 

BOSTON 20, MASS. 

areas, according to Major General 
Harry C. Ingles, Chief Signal Of- 
ficer, on return from a tour of in- 
spection of the Pacific theaters of 
operation. 

We expressed the belief that one 
of the major factors in the current 
military successes in the Pacific is 
"the closest possible cooperation" 
between the Army and the Navy 
and the harmonious relations be- 
tween the commissioned and en- 
listed personnel of both services. 
Throughout the Pacific Area the 
Army and Navy use combined sig- 
nal centers in which it is not un- 
usual to find a Navy channel 
manned by a soldier and vice versa. 

The primary purpose of his trip 
was to discover at first hand how 
signal communications are func- 
tioning and how adequately signal 
material is being supplied. Because 
of the enormous distances in the 
Pacific and because of intervening 
water, radio has become the pri- 
mary means of communication. 
Wire, he said, is used extensively 
only after landings have been made 
and in instances where the density 
and damp foliage of the jungles 
makes radio less effective. 

Jungle Country 

Gen. Ingels said the Solomons 
and New Guinea areas were the 
worst jungle he had ever seen, es- 
pecially because of the big trees, 
often 250 feet high, which make it 
hard to get through and have the 
effect of cutting down on the range 
of the Walkie-Talkies. These can 
talk four to five miles, sometimes 
as much as ten. It depends on how 
wet it is in the jungle the day 
they are being used. The weather 
is the worst drawback. 

Some of the Japanese communi- 
cations equipment-notably the 
field telephone and switchboard- 
is good. Illustrating the imitative- 
ness of the Japanese, he said that 
Americans had captured a number 
of radio tubes with the RCA trade- 
mark, but on examination found 
that these were not American tubes 
but Japanese tubes copied so ex- 
actly that the trademark was in- 
cluded. 

Procurement 

Gen. Ingles said that the Signal 
Corps procures about 96,000 items 
of communication equipment of 
various kinds. Procurement has 
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...... RADIO 
NOISE SUPPRESSION 

PROBLEMS 7e'Kauiezed 
POWER EQUIPMENT (25 to 400 ampere ratings) - For heavy-duty 
radio noise suppression service, Sprague offers a standard 
Filter line to match exacting military specifications (Wright 
Field 32331). Long service has proved their ability to 

answer problems of noise suppression on 
airplane motors, generators, inverters, 
and similar equipment. 
LOW CURRENT APPLICATIONS (25 amperes and 
less)-Although designed to the same 
performance specifications as the fore- 
going heavy-duty line, sizes and weights 
of these Sprague Type JX Filters have been 
reduced. High attenuation characteristics 
assure high-fidelity radio reception under 
adverse conditions of man-made inter- 
ference: They are exceptionally compact, 
mount in any position, have negligible 
power consumption, and operate effi- 
ciently over a broad temperature range. 

Whatever your radio interference suppression prob- 
lem "ASK SPRAGUE." A broad background of 
experience in this field over many years covers 
almost every type of equipment-military, naval, 
industrial, or home. 

SPRAGUE SPECIALTIES CO., North Adams, Mass. 

DB 

a0 

70 

60 

SO 

40 

30 

20 

10 

.2 .32 6 2 4 7 

FREQUENCY MC. 

ATTENTION CURVE 

20 

for Sprague Type JX-5t 40 ampere filter with unshielded 
leads. Weight .37 lb., overall size, 23/4" x 2" X 13/e', 

SPRAGUE 
CAPACITORS KOOLOHM RESISTORS 
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METAPLAST Process Patented 
U. S. and Foreign Patents 

The METAPLAST process makes 
possible the electro -deposition of a 
smooth, non -porous adhesive, metal 
coating on any shaped non-conduc- 
tive material retaining the most mi- 
nute detail of the underlying surface. 

GAIN THESE ADVANTAGES 

When you METAPLATE your 
plastic parts you are able to get high 
electrical conductivity making a con- 
ductor and non-conductor in one piece. 

Localized overheating is pre- 
vented since the excessive heat is dis- 
tributed over the whole part through 
radiation. 

All the beauty and lustre of 
metals as well as a highly reflective 
surface can be applied to plastic 
pieces. 

By METAPLATING you can 
make plastic parts impervious to 
moisture, oil and solvent absorption. 

Warping and dimensional 
changes are prevented when you 
METAPLATE plastic surfaces. 

Present day war work or 
post war applications are of 
equal interest to us. 

Drop us a note, we'll have a Guild 
member call on you - or write for 
booklet "METAPLAST process and Li- 
censee Plan" 

COMPANY 
205 West 19 Street 
New York 11, N. Y. 

come up 70 percent in the last six 
months and is now quite satisfac- 
tory. 

There is no critical shortage of 
equipment in the Pacific area. There 
are some things of which they have 
not enough yet, but all three com- 
manders in the Pacific-Admiral 
Nimitz, Admiral Halsey, and Gen- 
eral MacArthur-reported to the 
General that they had never been 
delayed or held up in operations be- 
cause they didn't have communica- 
tions equipment available. 

Communications equipment takes 
an awful beating in being unloaded, 
the General said. There are no piers 
or docks. Equipment comes in on a 
ship, is taken off in a net, run to 
shore on a barge, then picked up on 
a net again in the driving rain and 
landed on the beach in the rain and 
often left there for a month or so; 
very rough treatment for such 
sensitive electrical equipment. 

The jungle weather is hard on 
dry batteries. The only way they 
are kept in good condition is to 
keep them in cold storage. We are 
now trying to develop special bat- 
teries for that particular climate. 

Tropical Treatment 

Radio sets are specially treated 
against moisture and against f un - 
gus. In these tropical couptries 
there are special types of fungus 
growths which will spoil all the con- 
tacts in a surprisingly short time. 
Our chemists know a fungus -re- 
sisting chemical which puts off the 
fungus growth for a long time. 
Radio equipment is fungus -proofed 
and water -proofed. 

The best water -proofing is the 
water-proof container. The con- 
tainer is made water-proof by use 
of a rubber gasket. The antenna 
comes out through a rubber gasket 
so that the set will operate in the 
rain. In the case of heavy station 
equipment, this is not necessary be- 
cause it is put under some sort of 
shelter which has been erected 
ahead of time. Water -proofing is 
accomplished by spraying and 
brushing over all the separate leads 
and connections with a spray gun 
or brush. 

A FUZE is a mechanical detonator, 
while a fuse contains a powder 
train, according to the Army. 
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TELEVISION 1954 A. D. 
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Back in 1944, you few men of vision in 

broadcasting management clearly foresaw 

that the addition of sight to sound would 

open up vast new business possibilities. 

You took a tip from experimental com- 

mercials during the war years which 
showed the spectacular effectiveness of 

mass persuasion by television. Shortly 
after victory, television time did :eap into 
great demand ... just as you thought. 

DuMont anticipated, just as you did, 

that there would be a peacetime scramble 
to be "first with television." So they com- 

pleted their designs for telecast equipment 
that set new highs in signal transmitting 
efficiency and new lows in maintenance 

. and operating costs. 

Then the DuMont Equipment Reserva- 

tion Plan was formulated so that you pros- 

pective television station owneis could 

have that equipment in operation at the 
earliest possible postwar moment. This 
plan placed DuMont's extensive experi- 
ence in television station building and 
management at your command. In addi- 
tion, this plan gave you "postwar prior- 
ity" in the equipment you needed. 

That, you thought, was one sample of 
television talk that sounded down to earth 
... it would cut down your trial -and -error 
losses, and put your telecasting business 
on a sound and practical footing at the 
earliest possible moment. 

,So you dropped a line to DuMont and 
got on the Television bandwagon - on 
time ... back in 1944. 

We know it's 1944! So you're invited to 
learn about the DuMont Plan now. Send 
for our new booklet "Planning Your Tel- 
evision Station." Do it today! 

Copyright Allen B. DuMont Laboratories, Inc., 1944 

Nt 471 .--CF.2o9th.zi C7we7 

ALLEN B. DuMONT LABORATORIES, INC.,, GENERAL OFFICES AND PLANT, 2 MAIN AVENUE, PASSAIC, N. J. 
TELEVISION STUDIOS AND STATION W2XWV, 515 MADISON AVENUE, NEW YORK 22, NEW YORK 
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Pen' develops 

volume production 

of improved Hermetic Seals 

Conforming to Army -Navy requirements 
for critical field conditions 

Transformers, condensers, relays, vibrators 
and various component parts can now be 

protected against heat and tropical humidity. 
salt spray, sand infiltration, fumes, fungus 
attack and other varied conditions that cause 
sensitive equipment to fail under critical 
conditions. 

In the laboratories beyond Sperti, Inc., tech- 
niques have been discovered which permit 
volume production of improved Hermetic 
Seals at low cost, safeguarded by unique in- 

spection methods. 

Principal features of the improved Sperti 
Hermetic Seal are: 

1. Small, occupies little space, one piece, no other 

hardware needed, simple and easy to attach. (Solder- 

ing temperature not critical.) 

2. Vacuum tight hermetic bond, hydrogen pressure 
tested for leaks. 

3. Resistant to corrosion. 

4. High flash -over voltage. Does not carbonize. 

5. Insulation resistance, 30,000 megohms, minimum, 
after Navy immersion test. 

6. Thermal operating range -70° C. to 200° C. Will 
withstand sudden temperature changes as great as 

140° C. 

Wire or phone for information, today. Give as 

complete details as possible so that samples and 

S recommendations may be sent promptly. 
p 

I Qó 

RESEARCH, 

Sporti INCORP 

DEVELOPMENT' MANUFACTURING, CINCINNATI, OHIO 

Television Technique 
for Spot News 

AN INTERESTING DEMONSTRATION of 
the speed with which news events 
can be put on film, developed and 
televised was made in connection 
with the awarding of an Army - 
Navy "E" to the Du Mont Labora- 
tories in Passaic, N. J. 

Paramount News sent camermen 
to the theater where the ceremon- 
ies were held. One camera was set 
up close to the stage and the second 
was placed about half -way up an op- 
posite aisle. Interchanging of 
lenses was made for closeups and 
long shots. 

The movie was actually edited 
while it was filmed, rushed to New 
York for processing, and a few 
hours later was broadcast to view- 
ers in three states over W2XWV. 
A transcription of the ceremony 
was also made and broadcast over 
WOR that night, two hours after 
the telecast. 

Chicago War Production 
Conference 
EXCEEDING THE HEAVY registration 
of last year, the second Chicago 
War Production Conference, held 
at the Stevens Hotel on March 30, 
drew a registration of approxi- 
mately 3,400 engineers, production 
superintendents, factory managers, 
and similar personnel engaged in 
war production activities. Thirty- 
three panels on various topics of 
war production were held. Interest 
in the panels on electronics was 
second only to that of the panels on 
management. 

Two afternoon panels on elec- 
tronics were held and the attend- 
ance at each panel was between .350 
and 400 persons. The first panel 
was devoted largely to broad gen- 
eral topics connected with the war 
experiences of radio personnel 
whereas the second panel had the 
production and manufacturing 
problems of the radio industry as 
its theme. 

The first speaker on the elec- 
tronics panel was Kenneth W. Jar- 
vis, vice-president in charge of en- 
gineering, Sheridan Electro Corp., 
who delivered a talk entitled "Ra- 
dio, Indispensable To Victory", 
after being introduced by Paul 
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Will Wire -Failures 

A WHITE ELEPHANT? 

Investigate ROCKBESTOS 

PERMANENTLY INSULATED 

WIRES, CABLES AND CORDS 

For Long -Lived Performance 

Time was when a product was designed, built, and 
finally wired 'with just about anything that could 
be hooked up and poked or jammed into place. 
Today, however, manufacturers wire -plan their 
products in the design stages . . . instead of by 
trial and error. Experience has proved that 
advance consideration of such factors as dielectric 
strength, operating temperatures, diameters, volt- 
age ratings, bend radii of wire ways, resistance to de- 
structive elements, etc.... eliminates the possibilities 
of wire -failure before the products reach the users. 

If you are working on, or planning your post-war 
equipment, investigate Rockbestos permanently -insu- 
lated wires, cables and cords. There are 122 standard 
constructions . . . each with built-in permanent char- 
acteristics to resist heat, flame, cold, moisture, oil, 
grease or corrosive fumes. And if a standard won't do, 
then Rockbestos Research will design a "special" to 
meet your particular operating requirements. All you 
need do is outline your problems and our engineers will 
make their recommendations. 
For wire -engineering assistance or information on 
Rockbestos permanently insulated wires, write our near- 
est branch office or: 
Rockbestos Products Corporation 411 Nicoll St, New Haven 4, Conn. 

INVEST IN BONDS MAKE EVERY 

ROCKBESTOS FIREWALLAWG 
IO HOOKUP WIRE 

volt rating, 
Sizes No. 22 to 4 

No. 12, 14 and 16 AWG in 3000 volt. 

The first lightweight, small l di miet l gfflaa d 

resistant hookup wire, designedground rd 
widely used since in airborne and com- 

munication systems, electronic devices, instru- 

ments and apparatus. Operating tempera- 

tures range from 125° C.tohminus g5ó0 C. 
Also with tinned copper 

id 

and in twisted pair or tripled construction. 

ROCKBESTOS 
THERMOSTAT 

CONTROoL WIRE 

SizesG in to stx 
. 16 and 18 

, .025" or(for 115 volt serv- 

ice) 

with 
elted asbestos 

A )multi/conductor controluwire for 
wel 

arrnerr. 

temperaturevoltage 

intercommunicating, 
signal and 

roof d 

control systems. Its life -time dheatPr 
abrasion -resisting 

fire- 

proof insulation and rugged 
trouble-Proof circuits. 

steel armor will give y 

ROCKBESTOS 
TYPE CA LEAD WIRE 

Has high dielectric strength and moisture 

resistance for use where heat and humidity are 

mo 
el 
No. Q to S 

nickel AWG 
solid 

conductorsr 
striinded 
insulated 

copper, 
synthetic tape and various thicknesses of 

with white or colors 

felted asbestos finished in black, 

for coding purposes. Also with 
sll-As resi 

estos 

insulation only, where high 
st- 

ance is not required. 

ROCKBESTOS 
MULTI -CONDUCTOR 

FIREWALL RADIO HOOKUP CABLE 

This type of cable is made up of 

1000 V. individual Firewall Radio H000k- 

Wires (as illustrated at top of 

of required size and number of conductors, 

cabled, and braided or shielded c or racial to 

customer's specification. For example, 

14 conductor No. 22 AWG rá 
cable 

then ja 
was 

shielded with tinned copper 
eted 

with a black, glazed cotton braid with a flame- 

proof finish. 
of the 122 different wires, 

cables 
These are but a 

f edesgned for severe operating 
cons and cords,obestos. 

conditions by 

ROCKBESTOS 
RESEARCH 

Solves Difficult Wiring Problems 
PAYDAY A LAY -AWAY DAY 

NEW YORK BUFFALO CLEVELAND CHICAGO PITTSBURGH ST. LOUIS LOS ANGELES SAN FRANCISCO SEATTLE PORTLAND, ORE. 
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Photo Courtesy Pan American World Airwave 

Put the SOLDER up to 

KESTER 
in making your Post -War Plans! 

The solder you'll use in your production after the war 
is one of those molehills that can grow quickly into a 
mountain-a mountain of headaches-if it isn't right! 

Kester engineers and laboratory technicians stand ready 
to assist you, wherever solder enters into your post-war 
plans. They offer you 45 years of practical, specialized ex- 
perience in soldering fluxes and alloys. They know how to 
take the kinks out of production lines-how to improve the 
product and minimize service difficulties-by the proper 
application of solder. 

Kester Cored Solders are highest quality. They fit 
smoothly into every production program, with a wide range 
of flux and alloy combinations, strand -size and core -size. 

There's no obligation in getting Kester's ideas about the 
kind of solder to use and how to use it. Put the solder up 
to Kester, now. It may easily help you avoid costly changes 
later on. 

* BUY WAR BONDS * 

KESTER SOLDER COMPANY 
4204 Wrightwood Avenue, Chicago 39, Illinois 

Eastern Plant: Newark, N. J. Canadian Plant: Brantford, Ont. 

TIN ORDER AMENDED. For the present, if you require 
solder of more than 20% tin content, certify use on Kester 
orders; under WPB Order M-43 as amended November 
3, 1943. Priorities Preference Ratings now govern only 
the scheduling of deliveries. 
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Smith of the Galvin Mfg. Corp., 
panel chairman. 

Pointing out that mobility was 
an essential requirement for mod- 
ern military radio equipment, Mr. 
Jarvis outlined five principle war- 
time applications of radio: (1) de- 
fensive military operations, (2) of- 
fensive military operations, (3) 
radio control of various types of 
missiles (4) builder of morale for 
civilian and armed personnel, and 
(5) direction finding of enemy 
transmitting stations. An impor- 
tant application of radio which is 
not always fully realized is its ap- 
plication by both sides in the con- 
flict, for the purposes of propa- 
ganda. Much of the'modern prac- 
tical military operations are made 
possible only because of the mobil- 
ity and portability of reliable ra- 
dio equipment. The practice of jam- 
ming communications practically 
assures that the side having the 
most reliable and most highly de- 
veloped communication equipment 
will have an important advantage 
over the adversary. 

Handy -Talkie 

Albert T. Williams, chief produc- 
tion engineer of Galvin Mfg. Corp., 
spoke on "Experience in Engineer- 
ing a Specific Radio; The Handy - 
Talkie" and demonstrated many of 
his points by disassembling and ex- 
hibiting one of the handy -talkie 
units. Originally conceived as a 
portable two-way communication 
unit about the size of an ordinary 
telephone handset and employing 
three tubes in a regenerative cir- 
cuit, experience soon showed that 
these requirements did not lend 
themselves to practical use in the 
field or to desirable production in 
the factory. 

Light weight, ease and operation, 
compactness and easy servicing in 
the field were requirements that 
had to be established in the design 
and production of this unit. The 
final model employs five tubes, and 
is completely self contained in a 
thin aluminum die-casting housing 
complete with batteries, micro- 
phone, earphone, and collapsible an- 
tenna. The small size of the handy 
talkie, together with the required 
reliability of operation, made neces- 
sary special design and construc- 
tion of extremely minute parts. 

Colonel C. N. Sawyer, Signal 
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Manufacture 
nc a. GENRADCO. 

BOSTON 

V0.0 BENTLEYS 
CODE 

-rc,pwor,e. TROWBRIDGE 
4400 

ENERAL RADIO COMPANY FOUNDED jgi5 G 
RADIO AND 

APPARATUS 

ELECTRICAL 
LABORATORY 

THIRTY STATE 
STREET 

CAMBRIDGE 
39, MASSACHUSETTS 

REPLACEMENT 
PARTS 

NOW AVAILABLE FOR 

G -R EQUIPMENT 

for repair 
require 

Gentlemen: Service Department part. Users of 

returned 
to ourand inexpensive ftime, labor, and 

Many the re instruments some simple valuable thém 
the replacement 

veryemnt 

of 
can save themselves installing 

only went often replacement parts and 

G -R equipment by securing arts for 
just such 

repair charges commonly 
used p us more 

the more these parts 
from 

small stocks 
of can secure 

We maintain Many times Y°Source. 

replacements from any other for replacement 

quickly than hic orders number 

needed weo 
will accept 

telegraphic 
many cases 

saving a 

When urgently of our manufacture. 

for instruments time to users. 

ofrdays 
of "out 

of service"obtained locally 
they cannot 

be 

equipment 
and please 

do 

arts, be sure Radio equip Always 
these P for General being repaired. 

Before ordering 
arts wiring 

your orders 
is 

p the instrument 
designation by 

priority 
Restrict than needed fornumber and 
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more Number of 
instrument. 

partorder 

telegraphic 
order 

Type and 
Serial number, purchase a 
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specify ship the 
same 

diagram and 
manufacturers 

partale 
can 

In many 
cases. 

certificate. factory 
Service 

De- 

partment, 

received of our major repair, 
or 

curtails 
the facilities Department 

no way to return instruments 
for 

necessary 
to 
wartime pressure, 

the Service 
This service 

in 
glad to assist 

you 

partment, 
when it is It will be 

Even under 
wartime 

service. 
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in 

able possible. 
help 
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should be 

of 
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on request. 
and lad to send one, 

g 

We will 
be g 

Sincerely 

Service Manager 
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The 11000 Series 
Transmitting Condensers 

Another Millen exclusive "Designed for 
Application" product. Illustrated is the 11035 
size. Permits more efficient use of newer 
tubes-more compact and symmetrical circuit 
arrangements and consequent better neu- 
tralization. Center fed rotors for better high 
frequency current distribution. Isolantite in- 
sulation; terminals in convenient places. 
Sturdy cast aluminum center frame with 
right angle drive, 16/1 ratio. Rounded pol- 
ished heavy gauge aluminum plaies. Ex- 
tended rotor shaft for dial or indexing device. 

JAMES MILLEN 
MFG. CO., INC. 

MAIN OFFICE AND FACTORY 

MALDEN 
MASSACHUSETTS 

ÿ 
,sMs 

Corps, U. S. Army, illustrated his 
talk, "Army Experiences With Ra- 
dio Equipment On The War Front" 
by means of slides and photographs 
of actual conditions encountered in 
the Pacific. Complimenting radio 
engineers and manufacturers for 
the quantity and quality of radio 
equipment which they had produced 
and which enabled the United 
States to be the best equipped in 
this respect, Colonel Sawyer indi- 
cated that considerably more atten- 
tion must be paid to the packaging, 
shipping, water -proofing and fun- 
gus -proofing of equipment intended 
for use in the islands of the Pacific. 

Tropical Problems 

The Colonel's statement that ra- 
dio equipment is not subjected to 
handling with kid gloves during 
military operations was amply 
borne out by slides illustrating the 
arrival and storage of equipment at 
depots in the South Pacific. It was 
indicated that repair and mainte- 
nance facilities are frequently not 
available and radio equipment must 
often be operated by native person- 
nel having no training, experience, 
or appreciation of the characteris- 
tics and behavior of radio equip- 
ment. 

The chief complaints arise be- 
cause radio equipment becomes im- 
mersed in water, because moisture - 
proofing is entirely inadequate for 
tropical conditions, and because 
packing is often too poor to meet 
the rugged conditions of military 
operations. Perhaps the most out- 
standing complaint is due to the 
rapid growth of fungus on equip- 
ment and considerably greater ef- 
fort on the part of manufacturers 
must be directed to a satisfactory 
attack on this problem. 

Backed up by recent experience 
with the Marines in the South Pa- 
cific, Lieut. Colonel Robert C. Wal- 
ton of the Bureau of Ships spoke on 
Navy experience with radio equip- 
ment on the war front. This talk 
reinforced that by Colonel Sawyer 
in calling for greater protection of 
radio equipment against fungus, 
water, and in providing more thor- 
ough and adequate packing. 

Production 

As chairman of the second panel 
on electronics, Paul Smith intro- 
duced James W. Sharp of Zenith 
Radio Corp. who spoke on "Mass 

,. ,1,,,,,,,,,,,,,,,,,,,,,,1111,,,1,,,,,,,,,1,,,,,,,,,,,,1,,,,,.,,,,,,,,,, ,,,,,1,,,,1,,,,11,,,,,1,,,,,1,,,,,,,,,,,,,,, 

,Opening 
for 

MOTOR 

ENGINEER 

Engineer with 
electric motor 

experience, 
ingenious, and 

with sound basic 

engineering 
knowledge to 

be assigned 
unhampered to 
very interesting 
project. 
Location East. 

Medium size 

concern 
with established 
reputation in 

electronics field. 

Salary 
commensurate 
with, ability. 

P-629, Electronics 

330 West 42nd St. 

New York 18, N. Y. 
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NOW TO CEMENT PLAX POLYSTYRENE 

PLAX POLYSTYRENE IS SUPPLIED in sheets, rods 

and tubes. It is also available in the famo_.s Palyflex* 

Sheet and Polyflex* Fiber, tough and flexible ex'ruded 

forms with wide insulation application. Machined 

parts such as those shown above (in actual sizes) are 

produced ay Plax, to your specifications. Plax also 

supplies a polystyrene cement. 

Other Plax wartime production includes various 

forms of cellulose acetate, cellulose acetate butyrate, 

ethyl cellulose, methacrylate, and styram _. 

Write for bulletin on "Fabricating Polystyrene," 

containing full details of polystyrene's properties. 

'Trade Mark Reg. U. S. Pat. Off. 

Three different types of cement can be used 
with polystyrene. 

1. Solvent. Cementing with a solvent is 
similar in principle to welding. The solvent 
softens the polystyrene surfaces to be joined. 
The surfaces are held together under light pres- 
sure. The softened surfaces unite. The solvent is 
absorbed by the body of the plastic and the 
joint becomes solid and rigid. In this method, 
surfaces must fit exactly before the solvent is 
applied. Machined surfaces are usually cemented 
by this method. 

2. Polystyrene solution. A thin layer of 
dissolved polystyrene is spread over the surfaces 
to be joined. The pieces are held together under 
light pressure. The solvent in the solution evapor- 
ates or is absorbed, leaving a joining layer of 
solid polystyrene. This method of cementing 
does not require perfectly fitting surfaces be- 
cause the dissolved polystyrene in the cement 
will fill small surface irregularities. However, 
close tolerances cannot be maintained because 
the dissolved' layer of plastic will vary with 
each application of cement. The bond will take 
from 12 to 36 hours to dry because a large amount 
of solvent is introduced at the joint. This method 
of cementing can be speeded by using a thicker 
solution, which has been warmed to make it 
fluid. Thus the amount of solvent to be evaporat- 
ed is reduced. 

3. Adhesive. This can be used to join poly- 
styrene to other materials and to metal. The 
Thiokol, Glyptal, and Reanite Cements are 
variations of this type. These cements are classed 
broadly in three categories: drying adhesives, 
non-drying adhesives, and curing adhesives. ' 

The drying adhesives are most commonly used. 
The non-drying materials are weak in shear but 
extremely resistant to vibration, while the curing 
adhesives are temperature resistant. When 
partially cured, such adhesives give welds having 
a high degree of vibration and temperature 
resistance. 

When cements employing a polystyrene sol- 
vent are used, and most cements do, the unit 
should not be stressed or assembled until dry. 
The solvent softens and weakens the polystyrene. 
If a load is applied, before the solvent evaporates 
and the plastic becomes rigid, the chance for 
distortion or cracking is great. 

In many instances, heat sealing may be used 
instead of cementing. 
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Removable Fibre Washers Make 

Lamp Equally Accessible on 

114 inch or 1116 inch Panels! 

Thickness of panel is no barrier to the quick, 
easy installation of the new DRAKE No. 85 Jewel 
Light Assembly. Whether it's a inch or a 1/16 
inch panel, or practically any thickness in between, 
all can be accommodated. Lamps are made accessi- 
ble by simply removing the fibre washers. 

The locking, vibration -proof, slip -fit bezel (jewel 
holder) can be removed, and lamp replaced with' 
the fingers. No wrench or tools are needed. 90° 
turns to right and left bring total black-out or com- 
plete, even illumination over entire surface of jewel. 
Partial turns produce any density of light desired. 
Check up on these and other superior features of 

DRAKE Patented Assemblies. 
Have you sent for our newest 
catalog? AFt 

NO. 8E TYPE 

PILOT LIGHT ASSEMBLIES 

DRAKE MANUFACTURING CO. 
1713 WEST HUBBARD ST., CHICAGO 22, U.S.A. - 

Interphone Equipment 
and Component Parts 

PLUG n-58 

NOW IN PRODU(LON 
CD -318-A JK-48 'R-58 
CD -307-A PL -47 ''A' Plug 
CD -874 PL -54 EC -366 
.1K-26 PL -55 EC347-C 

PE -86 SW -141 
JB-47 TD -3 

RAviill KARINOZA 
RADIO AND TELEVISION CORPORATION 
1030 W. VAN BUREN ST., CHICAGO 7, ILL. 

i 

Production Of Precision Radio 
Equipment". He outlined the prob- 
lems encountered in conversion 
from peace -time to war -time pro- 
duction of radio equipment. The 
precision of military equipment re- 
quired completely new design and 
methods of manufacture. 

Many of the problems encount- 
ered in building precision equip- 
ment are mechanical rather than 
electrical in nature and result be- 
cause of the relatively large ther- 
mal coefficients of expansion. For 
example, in a frequency meter, the 
expansion coefficients were suffi- 
cient to prevent satisfactory pro- 
duction without electrical means of 
frequency compensation. 

In general it is the practice at 
Zenith for the project engineer to 
be completely familiar with and 
take full charge of all phases of 
operation and production of one 
type of equipment. This makes it 
possible to put into effect quite 
rapidly the necessary changes in 
production even before the neces- 
sary records and other paper work 
can be established. 

Packing and shipping of radio 
equipment was discussed by Wil- 
liam Stack, also of Zenith. He 
pointed out that what was standard 
practice in packaging prior to the 
war is no longer adequate because 
of the stringent demand of military 
requirements. Fungicide sprays 
have been developed and radio 
equipment is now frequently sealed 
in lead -lined containers containing 
several pounds of silica jel. He 
estimated that equipment protected 
in this way could be immersed in 
salt water for two years or more 
and still operate when removed 
from this submersion test. 

Handling of change orders was 
discussed by Samuel Jones of Zen- 
ith Radio Corp. 

Custom Built Equipment 

R. E. Samuelson, chief engineer 
of the Hallicrafters Company, said 
that two types of custom built 
equipment are possible: (1) that in 
which all design and production is 
made for the customer as required 
and without any common units as 
a basis and (2) custom units built 
around a standard basic unit of con- 
siderable flexibility, in which the 
customer's demands may be incor- 
porated as variations of design. 

The Hallicrafters organization 
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This will take a man higher even than a P-51. 

P-Tims scientific apparatus looks quite I earth -bound. 

But, for experimental purposes at least, 
it can take a man higher than any air- 
craft ever built. 

It is Sperry's new High Altitude 
Laboratory, constructed through the co- 
operation and assistance of our Govern- 
ment, and dedicated to the service of 
our Country in memory of Frederic 
Blin Vose, a Sperry engineer who lost 
his life in the performance of his duties 
in the war effort. 

This laboratory helps find the an- 
swers to questions like these: 

How does man react in the strato- 
sphere when the sub -zero cold 

bites through his heated flying 
suit? Will an instrument that 
works perfectly at 2000 feet, 
"conk out" at 40,000 feet? 

The laboratory can mechanically simu- 
late atmospheric pressures equivalent 
to those met at altitudes over 45,000 
feet: It duplicates temperatures as low 
as 87 degrees below zero Fahrenheit. 

This permits the testing of flight in- 
struments and the reactions of men who 
use them under atmospheric and tem- 
perature conditions virtually identical 
with those met 8 miles up. 

Testing the combination of man and 
instrument in this laboratory will result 
in better protection for the lives of our 

military and naval flyers, and makes 
possible improved instrument design 
and more efficient operation. 

Experienced engineers and a medi- 
cal staff, trained in the technique of the 
physiology of high -altitude flying de- 
veloped by the Mayo Clinic and the 
Medical Departments of the Armed 
Forces, direct the Sperry laboratory. 
This laboratory serves other war manu- 
facturers as well as our Armed Forces. 

It is Sperry's hope that the tests and 
studies of man and his instruments in 
this laboratory will make possible the 
development of the perfect man -instru- 
ment team that will function in com- 
plete harmony in the frigid blue of the 
stratosphere. 

Sperry Gyroscope Company 
BROOKLYN, NEW YORK DIVISION OF THE SPERRY CORPORATION 

G Y R O S C O P I C S ELECTRONICS 
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X -R AY 
N OTRO N 

YSTR O N 

I OTR ON 
N ITR O N 

RATR O N 

P H O T O T U ß E 

CATHODE RAY 

Every Type Ready for FAST Deliveries 

THE surface has scarcely been 
scratched in developing in- 

dustrial applications for elec- 
tronic tubes! Yet today's war 
plants are using vast quantities 
of new and replacement tubes . . 

most of which perform vital func- 
tions in connection with heating, 
measurement, test, power, con- 
trol, inspection, and special re- 
search. 

W -J has perfected a unique 
INDUSTRIAL EMERGE N C Y 
SERVICE. Electronic Tubes and 
Supplies of every description are 
made speedily available . . spe- 
cial stocks and technical staffs 
are constantly ready to render 
this fast service, everywhere. 
Send your orders. Or write on 
company stationery for free refer- 
ence book and buyer's guide. 

-4-c,'*,n4c49a'safip 

WALKER-JIMIESON, INC. 
311 S.WESTERN AVE., CHICAGO 12, ILL. 

Phone CANaI 2525 

had set up their production of ama- 
teur radio equipment on the second 
system, which was found to be well 
adapted for expansion of war pro- 
duction of military radio equip- 
ment. Early experience with the 
HT -4 transmitter, which was later 
developed into the SCR -299, was re- 
called. The simplicity and versatil- 
ity of the basic design were impor- 
tant factors in permitting the 
rapid expansion of manufacture on 
a production line basis as described 
in the April 1944 issue of ELEC- 
TRONICS. In the interest of mass 
production, no design changes 
which will delay production are 
made on the production line. When 
spcial equipment or designs are 
required, it has usually been found 
possible to make the changes upon 
completion of a standard unit or, 
if this is not feasible, to employ 
special technical help (not a part 
of the production line) to carry out 
the modifications at a point re- 
moved from the assembly line. 

Herbert Hartley, also of Halli-. 
crafters, continued the discussion 
by outlining some of the requife- 
ments of amateurs which had been 
found desirable for military appli- 
cation. Complete band switching 
as well as the possibility of chang- 
ing frequency within any band, 
compactness of equipment, coupled 
with good appearance, and high 
efficiency on "watts per dollar" 
basis were high on the list of de- 
sirable features of radio trans- 
mitter equipment. 

Excessive Secrecy 

Paul Smith, of Galvin Mfg. Corp. 
gave a talk entitled "How Under- 
standing Military Detective -Meas- 
ures Aid Production". It was shown 
that restriction of information is 
sometimes an evil, tending to thwart 
production by making it difficult 
to keep personnel thoroughly in- 
formed of changes required and 
reasons therefore. Yet the demands 
of the military make such restric- 
tions necessary. 

In addition to the restrictions 
imposed by the Army and Navy, 
most manufacturers operate under 
other restrictions imposed by the 
Federal Bureau of Investigation, 
The Secret Service, The Office of 
Scientific Research and Develop- 
ment, The National Defense Re- 
search Committee, and The Office of 
Emergency Management. The re - 

IF 
YOU HAVE IT MADE IN 

THE EASTERN PENN- 
SYLVANIA AREA . . . 

rid .l[á lake rulti¢ 

,oiy.o.uJi 

.1IETAL 
FINISIIIN(: 

RI:QUIRI:MI:NTS 

* GOLD PLATING 
Under strict laboratory 
supervision 

* SILVER PLATING 

* ALROK processing 
of Aluminum 

* ANODIZING of 
Aluminum 

* MAGNESIUM 
PROCESSING 

* ZINC PLATING 
and CRONAK 

Large items can be 
handled 

BONDERIZING 
PARKERIZING 

PARCO LUBRIZING 
Extremely large units 

can be processed 

ELECTRO PLATING 
HARD CHROMIUM 

NICKEL - TIN 

PII! LADELP11IA 

RUST PROOF CO. 
3217 FRANKFORD AVENUE 

PHILADELPHIA 34, PA. 
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/Vorefco QUALITY CONTROL, ' Y 

begins at the beginning! 

An example of how NORELCO quality con- 

trol begins at the beginning is the fine wire 

which goes into the central elements of the 
4 -window X-ray Diffraction Tube illus- 

trated below. The tungsten is of our own 

manufacture. It is drawn into wire in our 
own plant ... through diamond dies of our 
own drilling. 

Quality control that begins at the begin- 

ning is common to all NORELCO Electronic 
Tubes. That is why they can be depended 

In addition to electronic tubes and quartz 
crystals for military communications on 

land, sea and in the air, we make for our 
war industries: Searchray (X-ray) Appa- 

ratus for Industrial and Research Applica- 

tions; X-ray Diffraction Apparatus; Direct 
Reading Frequency Meters; Electronic 
Measuring Instruments; High Frequency 
Heating Equipment; Tungsten and Molyb- 

denum Products; Fine Wire in many metals 
and various finishes; Diamond Dies. 

And For Victory We Say: Buy More War Bonds 

Drilling a 
Diamond 

upon for high efficiency, consistent perform- 
ance and long life. 

Although all the tubes we produce are 
now going to the armed forces, we invite 
inquiries from prospective users of various 
types of Transmitter, Amplifier, Rectifier, 

Cathode Ray and Special Purpose Electronic 
tubes. A list of tube types we are especially 

equipped to produce for commercial com- 

munications equipment and industrial appli- 

cations will be sent on request. 

Oie CO ELECTRONIC PRODUCTS by 

NORTH AMERICAN PHILIPS COMPANY, INC. 
Executive Offices: 100 East 42nd Street, New York 17, New York 

Factories in Dobbs Ferry, New York; Mount Vernon, New York 
(Metalix Division); Lewiston, Maine (Elmet Division) 
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STAR STEATITE 
or your elect/erne 1Iec ciS 

ae 

PORCE 
Electronics Dept. 

In instruments of com- 
munications of every de- 
scription - in radio and 
television equipment - in 

hundreds of different 
ways STAR STEATITE can 
be of service to the manu- 
facturer. Whatever the 
shape or size, it has a de- 
sirable low loss factor, 
while its strength and 
density make it ideal for 
many mechanical uses. 

Meets Government Specifications 
For Grade G Ceramics 

COMPANY 
TRENTON, N. J. 

Transformers 
for Combat 

In Active Service 
Over the Entire Globe 

DINION COIL COMPANY 
CALEDONIA, N. Y. 

strictions of these various organiz- 
ations are seldom correlated and at 
times may even be conflicting. 

An extensive study of the re- 
quirements of these various 
agencies has indicated the possibil- 
ity of establishing a policy which 
can be applied in most manufactur- 
ing plants. The essence of this 
analysis is that any single order 
can be broken down into various de- 
grees of restricted information, and 
that while certain phases of a par- 
ticular contract may be highly se- 
cret, other components may be in 
the confidential, restricted, unre- 
stricted or unclassified classifica- 
tion. By recognizing the degree of 
the restrictions required, by zon- 
ing the manufacturing plant in such 
a way that the more confidential 
matters are properly protected and 
surrounded by less restricted ac- 
tivities, and by exercising judicious 
surveillance in all design and manu- 
facturing phases, a completely satis- 
factory and workable system may 
be devised. 

.London News Letter 
By JOHN H. JUPE 
London Correspondent 

Super -sensitive Voltammeter. Us- 
ing a taut strip suspension, a new 
voltammeter has recently beèn put 
on the market in Britain with the 
amazing sensitivity of 100,000 
ohms per volt. The lowest current 
range is 0-10 microamperes. A 
knife-edge pointer and mirror 
scale are fitted and the overall ac- 
curacy is 0.5 percent. As shown in 
the illustration, the instrument 

New British 0.10 microammeter for 
100,000 ohm per volt voltmeter 
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GENERAL CONTROL COMPANY MASTER CAM LEVER SWITCHES 

General Control Company, the original cam lever switch 

specialists, now have the newest, most complete line of 
Cam Lever Switches ever offered. All models Fave such 

(patents pending) features as static shielding, roller cam 

action with no -sliding friction, single bolt contact assembly - 
all ere of metal construction for strength and rigidity; con - 

MODEL 
MCL- CS 

MODEL 
MCL "MIDGET" 

ROTARY CAM 
LEVER SWITCH 

MODERN 
PLANT 

tact build-ups are assembled under pressure; spacers are 
varnish -impregnated Bakelite; improved contact wiping 
action reduces pitting and sticking; new spring lifters are 
riveted in, and are 5/16" in diameter to prevent sticking 
to adjoining sections, and to guarantee smooth, positive 
action - all are built to Government specifications. 

ïS:f:S;::ï': QY'::': v.,": +]ç 
C>(4¡#kñ ;:;`{.i:ti?::.+.: `.'.§.A , ; .,,: ::,<: [::'>.s»<:r: ;i'. ,.:.k.. ̂... 

.:n>:ap: :iJ:i:ï:"':':: ::k::m:, :,xo; ,. Q a?'cYN.'. x>ti . aï #es::<:>.,.: .::,r...x.:. a .,kk` . ,. . . . ..`,`'á'>.4 ..x'..+':#,k:: >>.. . ,.,`á... .<:t:.k: 
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The new Model MCL-CS is of similar design to our familiar 
Model MCL-FS, except that coil springs are used instead of 
flat springs to assure floating action and equal pressure on 
both sides of the cam, regardless of the number or arrange- 
ment of contacts on each side of the switch. It can be supplied 
with either light or stiff action on the control knob to suit your 
requirements. This model is rated at 10 amperes, 125 volts 
A. C. and is outstanding for long life and dependability. 

...:ac:h 'h$`::i$i%at.watw` 
. 

?aw., ?.oE«` x?;: W';;,.; 

The new Model MCL "Midget", for aircraft and other light 
duty applications, is now under development. This will be the 
lightest switch ever designed for this field, yet will have all 
the features of the larger Model MC -FS. The frame is made of 
strong, light metal. The "Midget" can be mounted in a single 
hole in the control panel. It is rated at 5 amperes. We will be 
pleased to furnish advance details to design engineers. 

The new Rotary Cam Lever Switch is designed for one to six 
index positions. Any combination of contact arrangements can 
be used in each of these six positions. It is adaptable to 
actuate practically any number of circuits in sequence (or 
repeat) with the convenience of a single control knob. A single 
hole only is required for mounting, and contacts in any section 
can be removed from frame by removing a single bolt. The 
Rotary is rated at 10 amperes, 125 volts A. C. 

Our new, modern plant makes available many times the 
previous floor space for expansion of present products and 
development of new products. New facilities include a com- 
pletely equipped laboratory, and an engineering staff for 
development work. In addition to Cam Lever Switches, General 
Control Company manufactures 32 types of manually -operated 
foot switches, electro -mechanical and electronic control devices, 
and production gauging equipment. 

GENERAL CONTROL COMPANY 
1200 SOLDIERS FIELD ROAD, BOSTON 34, MASS. 
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PORTABLE POWER 

PROBLEM.8 
No. 5-Land Mine Detectors 

Sip.lCoru Ph.,, 

"DIVINING ROD" of 
our expert military 
mine crews is this 

battery -powered mine detector. Its sensi- 
tive electronic circuit unerringly locates 
enemy mines so they can be harmlessly 
removed, thus saving many lives. This 
is only one of the many essential war uses 
to which "portable power" is put. 

SPECIAL-PURPOSE BATTERIES have always 
been a specialty of Burgess engineers. 
Puzzling problems of size and operating 
characteristics dissolve in their expert 
hands ... your problem will be welcomed. 

FREE.; ENGINEERING HANDBOOK 

80 -page manual of basic data and char- 
acteristics of dry batteries for all electronic 
applications. Tabbed for ready reference. 
Write Dept. for free copy. Burgess 
Battery Company, Freeport, Illinois. 

BURGESS BATTERIES 

follows the usual design of sub - 
standards in general appearance. 
All range changes are made by 
means of a single switch. 

The value of such an instru- 
ment in the radio laboratory is im- 
mense and I believe that it will 
prove very useful in the television 
field as external resistors can be 
supplied to extend the voltage 
range. It is made by the London 
firm of H. Tinsley and Co. and the 
price in Great Britain is approxi- 
mately equivalent to $60. 

Electronic Prospecting Lamp. The 
use of electronics in prospecting 
for minerals has taken a new turn 
with the introduction of a small 
portable ultraviolet ray lamp by 
G. E. Co. of Britain. It solves the 
difficulties of examining certain 
rock specimens when the wanted 
ore is practically the same color 
as the surrounding material. An 
example is scheelite (calcium 
tungstate) which is used, among 
other things, for cathode-ray tube 
screens. Under ultraviolet illum- 
ination, the true ore glows with a 
brilliant bluish -white light and 
can be easily detected. 

The new lamp uses a cold cath- 
ode mercury vapor tube, beht to a 
U -shape and fitted with a conven- 
ient handle. Alternating current 
at the required voltage is obtained 
from a low voltage direct current 
source by the use of a vibrator and 
transformer. 
Electro -Chemical Etching. It is 
common in engineering work to 
mark metal objects but the exist- 
ing methods have a variety of 
drawbacks. Acid etching and en- 
graving are slow and expensive, 
while some modern alloys are too 
hard for either engraving or 
stamping. The last mentioned 
method is certainly rapid but it 
sometimes tends to deform an ar- 
ticle or to raise nasty burrs. 

A new method overcomes these 
difficulties and can be applied to 
practically any metal, including 
stainless steel, high-speed steel, 
Stellite copper, iron, nickel, brass, 
white metals, resistant alloys etc., 
and is quite cheap and quick to 
operate. 

A main feature is that ordinary 
wax stencils, such as' any typist 
can prepare; are used as "mas- 
ters". A few sheets of blotting 
paper are placed on the lower 

METAL -COATING PROCESS 
FAST AND FOR HEAVIER 
ECONOMICAL COATINGS 
REQUIRES ONLY RAPID ELECTROLYTE- 
RAPID METAL CLEANER-RAPID APPLICA- 
TOR. 

Plating current is obtained from dry 
cells, storage battery, or any convenient 
source of direct current at 3 to 6 V., or 
use Rapid Plating Rectifier for heavy 
work. 

For silver surfacing bus bar connec- 
tions, lugs, switch blades, etc. For plat- 
ing or touching up miscellaneous sur- 
faces with cadmium, nickel, zinc, copper 
and gold. Building up limited areas. 
Hard surfacing with nickel. Used in shop 
or field. Special applicators designed to 
speed up production line lobs. 

Our laboratory is glad to cooperate. 
No obligation 

Rapid Electroplating Process, Inc. 
1414 S. Wabash Ave., Chicago 5, III. 
621 Graybar Bldg. 237 Rialto Bldg. 

New York, N. Y. San Francisco, Bldg. 

NUMBERALL 

NUMBERING and 
LETTERING PRESS 

Quickly stamps serial numbers 

and other details on name 

plates, names and numbers on 

tags, etc. Can also be fur- 
nished for HOT stamping. 

Write for catalog. 

NUMBERALL 
STAMP & TOOL CO. 

Huguenot Park Staten Island, N Y. 
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flARNESS to Re .ses Going Strong 

...yet electronkàIy QUIETED! 

Titellex harnesses physically protect high tension ignition systems 
from magneto to plugs and, at the same time, shield vital lines of 

communication from the principal source of interference-the 
ignition system itself. 

A tremendous job, when you stop to consider that these Titeflex har- 
nesses perform in a wind stream of over 300 mph-with or without 
rain and ice, but always subject to vibration. And at temperatures 
ranging from 50°F. below zero up to 300°F. at the spark plug end! 

We are proud of the fact that Natvar extruded vinylite tubings 
and identification markers are contributing to this performance. 

What about your requirements? Write, wire, or phone us for 

deliveries either from nearby wholesaler's stock, or from our own. 

Titellex radio shielded 
harness No. C26980 
for Wright Cyclone 
Engines which power 
Flying Fortresses. 
Sleeves are Natvar ex- 
truded vinylite tuhing. 
and identification 
markers are Natvar. 

Varnished cambric-straight cut and bias 

Varnished cable tape 

Varnished canvas 

Varnished duck 

Varnished cellulose acetate 

Varnished Fiberglas cloth 

Varnished papers 

Varnished tubings and sleeving 

Varnished identification markers 

Lacquered tubings and sleevings 

Extruded Vinylite tubing 

Extruded Vinylite identification markers 

Write for bulletins 

NAL VARNISHED P 
TELEPHONE CABLE ADDRESS 

RAHWAY 7-2171 NATVAR: RAHWAY, N. J. 

201 RANDOLPH AVENUE 

ßDUCTS 

* WOODBRIDOE NEW JERSEY 
n-NVRs 
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HARD -TO - SOLDER" 
PLACES ARE EASY 
to reach with the efficient KELNOR iron 
which quickly, accurately solders without 
danger of burning insulation on adjacent 
wires ... and in places most difficult to 
get at with conventional type irons. 

KELNOR deetic SOLDERING IRONS 
.E.. U.S. P.,. ORR. P.,E rs rPE Eo 

SOLDERING.,,, 
Some KELNOR Features: 

1. KELNOR Weighs Only 8 Ounces 
2. Special KIELNOR Extendable Tip 
3. Balanced IKELNOR Angle -Head 
4. New Type Heating Element 
5. Comfort -Cool Plastic Handle 
6. All -Ceramic Sealed Insulation 
7. Rugged Welded Construction f APPROVED BY UNDERWRITERS LABORATORIES, Inc. 

Order through your JOBBER-or. for more facts, and prices, write 

A precision -built tool of highest quality. 
KELNOR Soldering Irons are specially de- 
signed for making quick, solid, sure con- 
nections in such fields as Radio, Aircraft, 
Telephone, Telegraph, Shipbuilding, etc. 

KELNOR MANUFACTURING CO.8FF CES- CENTRAL TOWER, SAN FRANCISCO 3 

SEALED 
HERMETICALLY 
A completely new Peerless design for 
a vacuum -tight, moisture -proof trans- 
former. Can be produced in any de- 
sired size or capacity to customer's 
specifications. 

The West's Largest Plant Devoted Exclu- 
sively to the Production of Fine 

; 

Transformers jlr' shln r 

s 
McKinley Avenue, Los Angeles 1, California 

British electro -chemical etching appa- 
ratus for marking metal equipment and 

tools 

block shown in the illustration and 
are damped with a special etch- 
ing solution. The stencil is then 
laid on the pad with the article to 
be marked on top. Finally, the 
upper electrode is placed in posi- 
tion and, after current has been 
flowing for about 5-50 seconds, an 
engraving approximately 0.0005 
inch deep is produced. Awkardly 
shaped articles may be dealt with 
by fitting a damped pad and stencil 
to a curved metal surface and 
rolling the pad over the job. 

Many types of work lend them- 
selves to etching on simple ma- 
chines designed for the purpose 
and, as a stencil is normally good 
for about 15 etchings and up to 
50 small articles may be treated 
at once, the method can be easily 
dovetailed into modern production 
schedules. 

The approximate price of the 
complete equipment is $100, exclu- 
sive of packing, and it is sold by 
Griffin and Tatlock Ltd. of London. 

Automatic Machine Finds Bent 
Tube Pins. It is surprising how 
mechanical vibrations are being 
increasingly used in engineering 
production as a means of analyz- 
inz and sorting. A recent develop- 
ment which has come to my notice 
concerns the testing of radio tube 
pins for straightness and burrs on 
the end. It was found that defec- 
tive pins jammed in the base -fit- 
ting machines and caused a 10-15 
minute shutdown each time. Hand 
inspection was too slow and ex- 
pensive and eventually the London 
firm of Fraser and Chalmers de- 
veloped a machine to do the job 
automatically. 

The method is quite simple. A 

table vibrated by an electromag- 
netic vibrator is fitted with glass 
decks which slope very slightly in 
a direction at right angles to that 
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Send for Bulletins 149LE and 163LE 

By simply turning a kncb on the manually operated 
POWERSTAT Variable Voltage Transformer or by pushing the 
control button of tie MOTOR-DRI"EN POWERSTAT the 
proper voltage i> applied to infrared lamps to meet your heating 
requirements. The exact energy needled to process materials of 
varyirg thickness, color, or moisture content is conveniently and 
accurately obtained with POWERSTAT variable voltage control. 

POWERSTAT control eliminates cc.np icated mechanical and 
electrical arrangements ... meaning more speed, greater economy, 
and reduced spate requirements. 

Prod".ced in sizes up to 75 KVA for size or polyphase opera- 
tion on 115, 230, or 440 volt circl:ts a POWERSTAT can 

control any baking, drying, dehydrating or pre -heating process. 

SUPERIOR ELECTRIC CO. 204 LAUREL ST. BRISTOL, CONN. 

SUPERIOR ei& 
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lJf,2>iW1i<G, set . 

Light in weight and pos- 
sessing excellent working 

11er. qualities, BAER fabrico - 
fions of phenol fibre and 

vulcanized fibre are stamped, punched. 
sawed, drilled and machined to exocI- 
ing specifications. The inherent long- 
lasting characteristics of these insulation 
materials offer broad scope in appli- 
cations where uninterrupted service is 

essential. Whether your requirements 
involve intricate or simple shapes, large 
or small quantities, or reasonably fast 
or future deliveries, BAER engineers are 
equipped to meet your needs satisfac- 
torily. Write today for illustrated Data 

Bulletin 120. 

SpeciIy 
BAER FOR WASHERS, STAMPINGS, 

GASKETS, SPECIAL SHAPES, TERMINAL BOARDS AND BUSHINGS 

N. S. BAER COMPANY 
CRAFTSMEN IN FIBRE FABRICATION 

9-11 MONTGOMERY ST., HILLSIDE, NEW JERSEY 

vi,31 
tetgUis 

Electrons have but one inherent urge and that urge is to 
escape. Controlled and directed, they are a' mighty force. 
In organizing and harnessing this incredible army of tiny 
workers for wartime radio communication and radar use, 
electronic engineers find it necessary to pep up and pattern 
this force before permitting its mad rush out into space. In 
this engineering scheme, electronic equipment requires, 
along with other important parts, many types of Co -axial 
Cable Connectors, in the wartime manufacturing of which 
Astatic's extensive facilities are now largely employed. 
Astatic's Co -axial Cable Connectors meet rigid government 
requirements and are used and highly praised by many 
leading manufacturers of wartime radio and radar equipment. 

Pioneer Manufacturers 
of Quality 

Microphones and Pickups A51/1 -TIC CANADIAN {TAT,G. LtO. 
O1/1M0 

THE ASIATIC CORPORATION 
YOUNGSTOWN, OHIO 

of the oscillation. The pins to be 
inspected are fed on to the decks 
at a point where the motion would 
tend to make them travel forward. 
Straight pins then move in a lat- 
eral direction, as gravity tends to 
make them roll sideways, while 
the motion of the table tends to 
move them forwards. Faulty pins, 
however, do not roll but more or 
less move forward in a straight 
line. 

This difference in modes of 
movement is used to separate the 
good and bad pins. Deviation of 
more than 0.006 inch from 
straightness or a lip of more than 
0.003 inch will cause rejection. 

F -M in a Nutshell. "F -M makes a 
fair signal perfect, a poor signal 
good and a useless signal inaud- 
ible." K. I. Jones of Cossors Ltd. 

Thermal Tuning. I came across an 
interesting British patent recently 
in which the resonant frequency of 
a circuit is varied in an ingenious 
manner. It makes use of the fact 
that the strict formula for a paral- 
lel resonant circuit includes a 
resistance term, which is generally 
ignored as its effect is small: Un- 
der certain circumstances, however, 
it must be taken into account and 
it is then possible to vary the reson- 
ant frequency merely by varying 
the resistance included in the cir- 
cuit. In the patent, a resistor com- 
posed of compounds having a very 
high. temperature coefficient of re- 
sistance is made to form part of 
the oscillatory circuit. Then, by 
placing a small electric heater ad- 
jacent to the resistor, the resonant 
frequency can be changed by vary- 
ing the current through the heater. 

ANEPA Investigation 
LIQUIDATION OF the Army -Navy 
Electronics Production Agency, 
after an investigation conducted by 
the staff of the Committee on Civil 
Service, House of Representatives, 
has been agreed upon by members 
of the committee, according to Rep. 
Robert Ramspeck, chairman of the 
Committee. It was charged that 
the agency was duplicating the 
work of Army and Navy expeditors 
and, to a large extent, overlapping 
the functions of WPB. 
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Toughin ems Engineering 
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Radio -wivalue New Rad tank wa 

revolutionized 
our 

roolu 

IN 1940 the Signal Corps brought one of its toughest. 
radio assignments to Bell Telephone Laboratories 

and Western Electric. 
A rugged multi -frequency set was wanted for the 

armored forces. It must be, in effect, a radio switchboard 
to interconnect tanks, scout cars, command cars, artil- 
lery units, anti-tank vehicles. 

The model was ready in one quarter of the time 
normally required to design and build such a complex 
set-an FM transmitter and receiver having 80 crystal 
controlled frequencies. Any 10 crystals could be quickly 
plugged in-and push buttons provided instant switch- 
ing from one channel to another. The set was tested- 
accepted-ordered in quantity. 

Meanwhile Western Electric engineers were tackling 
knotty production problems-tooling up of plant, train- 
ing girls for the exacting work, procuring raw materials, 
setting up complex testing procedures. 

Among the toughest problems were those of crystal 

manufacture. Millions of these tiny quartz wafers would 
be needed -each lapped to dimensions, silver plated in a 
vacuum, and mounted on wires so small that they must 
be soldered in place under a microscope. Amazing new 
machineà and methods were devised-and the crystals 
came out on time. 

Radio, electrical, mechanical and industrial engineers 
at Western Electric-Bell Laboratories men and Signal 
Corps men-all contributed invaluable aid. Early pro- 
duction goals were met-volume increased steadily. 

Today huge numbers of units have been delivered. 
They are providing the instant communications that 
enable our armored forces to travel farther and faster 
and to hit harder! 

Buy War Bonds regularly - all you can! 

q5.1.1.t 

pN N IVERS4e. 

7,7 ,go 

Wegren, Electric 
ARSENAL OF COMMUNICATIONS EQUIPMENT 
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LAMP CHANGED from FRONT or BACK of PANEL 

with 

9oI,afI 
Series 800 

PILOT LIGHT 

Detachable spring member, with 
socket and rigid non -short termi- 
nals integral, is easily removed 
from back without disturbing wir- 
ing. Locks firmly in place again, 
free from rattles. I" Jewel holder 
slips out of body if lamp change is 

desired from front of panel. Avail- 
able with miniature or candelabra 
screw sockets or miniature bayonet 
socket. Facted or plain Jewels, or 
frosted Jewels with colored discs. 

Request Catalog of 
complete line of other 
models. 

MANUFACTURING 
COMPANY 

1310 N. NINTH ST. SPRINGFIELD. ILL. 

EISLER ELECTRONIC EQUIPMENT 
98% Of All American Radio Tube Makers Use EISLER Equipment 

GLASS TUBE SLICER STEM MACHINES SEALING MACHINES 

No. 11 -TU 

BUTT WELDERS 

No. 23-8L 

We manufacture several hun- 
dred different types of ma- 
chines for the Electronics in- 
dustries. Also a complete line 
of special transformers and 
spot welders up to 500 KVA. 

WRITE FOR COMPLETE DETAILS 

No. 57-8TE 

SPOT WELDERS 

No. 95-L . -C HA -S- E I S L E R- No. 93 

EISLER ENGINEERING CO. 
751 SO. 13TH STREET (Near Avon Ave.) NEWARK, 3, N. J., U. S. A. 

Chicago Radio Engineers 
Discuss Postwar Electronics 
J. E. BROWN, assistant vice-presi- 
dent of Zenith Radio Corp., Hugh - 

Knowles, vice-president of Jensen 
Radio Mfg. Co., and Beverly Dud- 
ley, Western Editor of ELECTRON - 
ics, led a round table discussion 
on the postwar outlook for the elec- 
tronic industry at a meeting of the 
Radio Engineers Club of Chicago 
in March. 

In an informal discussion, the 
future of postwar television and 
frequency modulation was dis- 
cussed, particularly with regard to 
emphasis on the probable develop- 
ment of high fidelity broadcasting. 
The majority opinion seems to be 
that while there were possibilities 
of producing high fidelity equip- 
ment, the public was not yet edu- 
cated to take full advantage of the 
present technical possibilities. 

Mr. Dudley pointed out that in- 
duction heating devices, electronic 
welding, electronic motor control, 
and certain phases of industrial 
electronic control appeared, at the 
present time, to offer the greatest 
possibilities for packaged electronic 
items in the postwar market. There 
is a great desire on the part of 
manufacturers to sell packaged 
electronic items but development 
has not yet reached the point where 
it is possible to eliminate a rather 
considerable degree of engineering 
in most electronic applications to 
industry. 

It was pointed out that in the 
postwar field, it appears likely that 
the electronic engineer will be added 
to the staff of manufacturing com- 
panies and will work in cooperation 
with the mechanical engineers in 
the design and production of new 
equipment. Such a procedure would 
make it possible for electronic con- 
trol systems to be incorporated as 
an integral part of the unit rather 
than as being added as an acces- 
sory unit which is now often the 
case. 

As a result of the vast interest in 
communications and industrial elec- 
tronics, it appears likely that col- 
leges may offer courses in indus- 
trial electronics in which the in- 
dustrial applications are systema- 
tized and treated in a manner sim- 
ilar to that of radio communication. 

Many startling and revolution - 
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RA1S FOIIIIERS 
of uality... 

When our transformer plant was organized 22 months ago, 

four MUST rules were laid down. In order, they were: 

1. Make the best product possible. 

2. Buy only the finest in raw materials. 

3. Use a polymerization vacuum -varnish im- 
pregnation process combined with pressure. 

4. Guarantee unconditionally every unit 
manufactured. 

Today, when you have a Langevin Transformer, you have 

all these plus rigid manufacturing control and inspection. 

Your inquiries for quality transformer products are 

solicited. Capacity to 5 KVA. 

The Langevin Company 
INCORPORATED 

SOUND REINFORCEMENT AND REPRODUCTION ENGINEERING 
NEW YORK SAN FRANCISCO LOS ANGELES 

37 W. 65 St., 23 1050 Howard St., 3 1000 N. Seward St., 38 

11111111111111111111 



GOULD -MOODY 
&ac% SeaC" 

GLASS BASE 
INSTANTANEOUS 

RECORDING BLANKS 
The tributes paid to "Black Seal" 
discs by many leading engineers 
have been earned by distin- 
guished service on the turntable. 
Your ears will recognize the dif- 
ference in quality of reproduc- 
tion, and the longer play-back 
life will prove the superiority of 
"Black Seal" construction. Choice 
of two weights - thin, flexible, 
interchangeable with aluminum, 
or medium weight - both with 
four holes. 
An AA -2X rating is automatically 
available to broadcasting sta- 
tions, recording studios and 
schools. Enclosure of your prior- 
ity rating will facilitate delivery 
Old Aluminum Blanks Recoated with 
"Black Seal" Formula on Short Notice 

RECORDING BLANK DIVISION 

395 BROADWAY NEW YORK 13. N. Y. 

EXPORT DEPT. ROYAL NATIONAL COMPANY. INC. 
Sf /ROAD STRUT. N. T. 

ary applications of the principles 
of electronics are possible but not 
all of these have sufficient economic 
advantage to warrant their adop- 
tion. It was pointed out that the 
adoption of electronic devices after 
the war would depend, in large 
measure, upon their economic ad- 
vantage or their ability to accom- 
plish things which cannot be done 
at all or which cannot be done well 
by other systems. 

Television at ASME Meeting 
APPLICATION OF motion pictures to 
war needs was the dominant theme 
of the 55th semi-annual technical 
conference of the Society of Motion 
Picture Engineers held in the Hotel 
Pennsylvania, New York, in April. 

A symposium on television high- 
lighted the opening session. High- 
speed photography, 16 -mm film de- 
velopments, and 16 -mm standard- 
ization were a few of the other top- 
ics covered. 

Radio Business News 
HYTRON CORPORATION has acquired 
a feeder plant at Beverly, Mass. 
for production of electronic tube 
mounts. 

WEB$TER PRODUCTS, making dyna- 
motors, voltage regulators and in- 
verters, has increased floor space 
by nearly 20 percent. 

A SUSPENSION ORDER has been is- 
sued by WPB prohibiting a Boston 
film from receiving electronic 
equipment for three months and 
restraining sales except on orders 
carrying a AA -1 priority rating. 
The action arose from complaints 
that the company scheduled orders 
for 7,650 radio tubes, certifying 
that it was entitled to purchase 
them under the provisions of order 
L-265. WPB claimed that the cer- 
tifications were false in that the 
tubes ordered were not required to 
replace tubes delivered to customers 
out of inventory. 

PHIL -AMERICAN INC., peacetime 
maker of Philharmonic radios, will 
move the entire plant to 528 East 
72nd St., New York, N. Y., a six- 
fold increase in space. The com- 
pany now manufactures military 
radio, test equipment and naval 
ordnance. 

REFLEX 
SPEAKERS 
are now the 
ACCEPTED 
STANDARD 

for all 
WAR USE 

EVERY REFLEX 
in the 

UNIVERSITY LINE 
is the result of 

YEARS of 
RESEARCH 

EVERY REFLEX 
in the 

UNIVERSITY LINE 
has a vital part 
to play in the 

WAR PROGRAM 

There are 
OVER 50 SPEAKERS 

in the 
UNIVERSITY LINE 

ELECTRONIC 
PARTS 

for IMMEDIATE DELIVERY! 

RESISTORS-CONDENSERS- 
TUBES-EQUIPMENT- 

TRANSFORMERS, ETC. 
Our complete 
stock, speedy 
service, procure- 
ment experience, 
and technical 
knowledge make 
us the logical 
source for all 
your Electronic 
Parts and Equip- 
ment require- 
ments. 

Give us your 
orders - large 
and small. We 
can "deliver the 
goods"-sooner! 

Phone WOrth 2-6276 
ESTABLISHED 1925 

Authorized Distributors for all Leading Manufacturers 

JUST OUT! 

NEW ISSUE! 

FREE! 800 PAGE 
BUYER'S GUIDE 
Kindly write on Company 
letterhead, giving title. 

-H ARRISON 
R A p 1 O CORPORATION 

1 wf'T 6ROADWAY NIW YORK -7 

%)z' .,? ,4/ 
0.71' 

Submit your special 
problems direct to our 
engineering d e p a r t - 
ment. 
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Designing Molded Plastics Parts: c -E MYCALEd_ 

From the engineering files of One Plastics Avenue 

G -E mycalex is an inorganic compound composed of ground mica and a special glass, having 

unique heat and electrical properties, and ranking above all other insulators for certain 
applications because of a combination of features possessed by no other material. Because 

it is singularly different from other molding compounds, special consideration must be 

given in designing parts to be made from G -E mycalex. This material is particularly valuable 

for use in ignition, radio and electronics equipment. 

Desired Design Characteristics of G -E mycalex Parts 

1. Well rounded corners and fillets. 

2. Three to five degree taper on mold walls is desirable. 

3. Minimum wall thickness of parts llô inch. 

4. Minimum hole diameter l'e inch. 

Advantages of G -E mycalex 
1. Ready anchorage of metallic inserts in material during 

molding. 

2. Molding of holes in part. 

3. Close tolerances in molding. 

4. Ability to produce intricate shapes. 

5. Reduction or elimination of finishing aria machining 
operations. 

Properties 

1. High dielectric strength. 

2. Low power factor. 

3. Prolonged resistance to electric arcs. 

4. Chemical stability; negligible deterioration with age. 

5. Dimensional stability; freedom from warpage, shrinkage, 
etc. 

6. Imperviousness to water, oil, and gas. 

7. Resistance to sudden temperature changes. 

8. Low coefficient of thermal expansion. 

9. Exceptional heat resistance. 

10. Insulating properties compare favorably with porcelain. 

Types of G -E mycalex 

#2801-General purpose grade for all molded 
parts. Used where mechanical strength is of 
primary importance. 

#2800-Lower loss factor, lighter weight and 
smoother finish. Unaffected by changing at- 
mospheric conditions; has superior stability of 
power factor after prolonged immersion in 
water. 

GENERAL ELECTRIC is the nation's larg- 
est molder of plastics. The combined 
experience and plastics "know-how" 
of its chemists, designers, product 
engineers, toolmakers and molders 
is available to all interested. Write 
for G -E mycalex booklet, Section 
N-250, General Electric Co., Plastics 
Divisions, Pittsfield, Mass. 

Hear the General Electric radio programs: "The G -E All -Girl Orchestra" Sunday 10 p.m. EWT, NBC. "The World Today" news, every weekday 6:45 p.m. EWT, CBS. 

BUY WAR BONDS 
PD -250 

GENERAL ELECTRIC 



* Reads 400 megohms to 

100,000 megohms in two 
ranges. 

* 5% Accuracy. 

* Stable Operation. 

* Applies 90 volts to speci- 
men. 

* Operates from 110 volt 60 
cycle line. 

p0 
NOT DAMs 

Especially suited to measurement of condenser 
dielectric, and other resistance values which 
vary with time, this instrument is adaptable to 
all production requirements for high megohm 
testing. 

TECHNICAL APPARATUS CO. 
1171 TREMONT ST., BOSTON 20. MASS., U. S. A. 

CARTER `geneincrce 
THE RELIABLE POWER SUPPLY 
OF FAMOUS COMMUNICATION EQUIPMENT 

THOUSANDS of these Carter Original Genemotors are constantly providing that 
something "extra" in MOTOROLA'S famous FMT-300 Mobile FM Radio trans- 

mitter, pictured above. Why not submit your requirements and become acquainted 
with this preferred Power Supply? 
Ine latest catalogue of Carter products will be sent upon request. 

41E? Ì ? igeIvue O.> 'C, -er, . 

1601 Milwaukee Ave. Carter, a well known name in radio for over twenty years. Coble: Genemotul 

ELECTRICAL APPARATUS CO. is now 
located at 1200 Soldiers Field Road, 
Boston, Mass., where a completely 
equipped demonstration laboratory 
is in charge of a qualified engineer. 

ELECTRIC SERVICE MANUFACTURING 
Co. is the new name of Electric 
Service Supplies Co. of Philadel- 
phia, Pa. 

STROMBERG-CARLSON Co., owner of 
and operator of WHAM and 
WHFM, has applied to FCC for a 
license to operate a commercial tele- 
vision station. 

EITEL-MCCULLOUGH, INC. has re- 
duced operating time to two eight - 
hour shifts and personnel two- 
thirds, affecting over one thousand 
workers, pending new government 
contracts. 

INTERNATIONAL RESISTANCE CO. 
AND CONNECTOR CORP. have opened 
their own offices at 165 Broadway, 
New York 6, N. Y. 

HOFFMAN RADIO CORPORATION, suc- 
cessor to Mission Bell and Mitchell - 
Hughes radio concerns, has initi- 
ated a poster campaign in Cali- 
fornia, Oregon, Washington, and 
Arizona. 

GRAYBAR ELECTRIC CO. reports that 
all former officers and directors of 
the company were reelected at the 
annual meeting of the board of di- 
rectors. 

JOHN MECK INDUSTRIES has been 
issued RCA and Hazeltine licenses 
to manufacture radio receivers. 

SOLAR MANUFACTURING CORP. re- 
ports a net profit of $368,000 in 
1943 after providing for Federal 
taxes. This compares with a net 
profit of $147,000, after tax provi- 
sions, for 1942. 

UTAH RADIO PRODUCTS CO. has an- 
nounced that W. A. Ellmore, vice- 
president in charge of engineering, 
has assumed the additional duties 
of heading the sales department. 
Chester L. Walker, former chief 
engineer, has become sales manager 
in charge of manufacturing and 
equipment division. Marion S. Dan- 
isch, chief engineer of Ucoa Radio 
Sociedad Anonima, South Ameri- 
can affiliate of the company, has be - 
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eekt-ge yam, 

3,000,000 R.P. M.? 

So far as we know, there is no man-made machine 

capable of turning at 3,000,000 R.P.M. But, if there 
were the -hp- 500A Frequency Meter could theoret- 
ically measure it. As a matter of fact, several of these 

frequency meters are in service today measuring 
R.P.M. on high speed war equipment. The high 
order of speeds being measured is a tribute to 

the accuracy and dependability of -hp- instruments. 

Here's. How -hp- 500A Measures Terrific Speeds: 

A mirror surface spotted on one end of the 

ntator's shaft reflects a beam of light through 

a photo electric cell. The pulses thus created 

are measured as an electrical frequency. The 

number of pulses per second multiplied by 60 

/ / 
/ / 

"'/ 
%g' ï / 

provides the accurate 

R. P. M. This method places 

no load whatsoever on the machine being ,tested. 

Instruments have found 

i their way into many unusual 

applications such as this. The solution to your 

special problem may be found here. Just drop a 

note giving us the details, and our engineers will 

be glad to cooperate, without cost or obligation, 

of course. Ask for -hp- catalog No. 17A 

which gives much valuable information 

about electronic tests and measurements 

as well as complete data on -hp- instru- 

ments: Write today. 

4 HEWLETT-PACKARD COMPANY 
P, O. Box 847A, Station A Palo Alto, California 

ELECTRONICS - May 1944 295 



. . . Depend on 

ADECO 
FOR YOUR POST-WAR 

PRECISION PARTS 

AND ASSEMBLIES 
Adeco offers you a depend- 
able source of supply with 
the know-how, experience 
and complete facilities for 
all types of close -tolerance 
production. It will pay you 
to include Adeco fabrica- 
tion in your post-war 
plans. 

AIRCRAFT & DIESEL 

EQUIPMENT CORPORATION 

4401 North Ravenswood Avenue 
CHICAGO 40, ILLINOIS 

" Your Partners in Production" 

come chief engineer and Gordon S. 
Carbonneay, production engineer 
for many years, has assumed new 
duties as engineer in charge of the 
quality control division. 

WATERBURY COMPANIES, INC. is the 
new name of Waterbury Button Co. 
of Waterbury, Conn., maker of ra- 
dar parts, airplane L.S.T., fuses, 
and lenses. 

SYLVANIA ELECTRIC PRODUCTS plant 
at Brookville, Pa. will be expanded 
to utilize sealing and exhaust equip- 
ment in a new section. A West 
Coast headquarters office has also 
been opened by the company at 111 
Sutter St., San Francisco, Cal. 

CUTLER -HAMMER, INC. has estab- 
lished a sales office in Columbus, 
Ohio in the Chamber of Commerce 
Bldg., 30 East Broad St. Russell 
D. Yoder is engineer in charge. 

PHILCO RADIO AND TELEVISION CORP. 
has bought a factory from General 
Aircraft, Ltd. as a potential pro- 
duction plant for post-war televi- 
sion. 

Personnel - 

Dixie B. McKey has resigned as 
general communications engineer 
of the Graybar Electric Co. to 
become technical supervisor of 
radio for the Oklahoma Publishing 
Co., owner of WKY, KLZ and 
KVOR. 

Edward M. Deloraine, general 
director of the laboratories di- 
vision of Federal Tel. & Radio 
Corp. has been elected a director 
of International Tel. & Tel. Corp. 

Ludwig Arnson, who sent the 
first CQD from an American ship 
in 1903, has received the Marconi 
Medal of Achievement reflecting 
forty years of undivided service 
to the cause of radio communica- 
tions development. 

Frank R. Benedict has been ap- 
pointed manager of product per- 
formance analysis at the Westing- 
house East Pittsburgh plant. 

Charles S. Powell, engineer with 
Graybar Electric Co., has become 
vice-president and director of the 
company. 

JONES 
BARRIER STRIPS 

SOLVE MOST TERMINAL 
PROBLEMS 

A compact, sturdy terminal strip with 
Bakelite Barriers that provide maxi- 
mum metal to metal spacing and pre- 
vent direct shorts from frayed wires 
at terminals. 

6 SIZES 
cover every requirement. From 3/4 
wide and 13/32" high with 5-40 screws 
to 21/2" wide and Ill/ high with 
1/4"-28 screws. 

Jones Barrier Strips will improve as 
well as simplify your electrical intra - 
connecting problems. Write today 
for catalog and prices. 

HOWARD B. JONES 
2460 West George Street 

CHICAGO 18 ILLINOIS 

FLEXIBLE SHAFTS 
that carry power around 
any corner is our spe- 
cialty. Faithful, depend- 
able power drives or 
remote control in air- 
planes, tanks, signal 
corps radio, and many 
other war and commer- 
cial products. Shafts 
made to your specifica- 
tions. Our engineering 
department will work 
out your particular 
power problem without 
obligation. 

Write today for 
Manual D. 

F. W. STEWART MFG. CORP. 
4311-13 RAVENSWOOD AVE. CHICAGO. ILL. 

West Coast Branch 431 Venice Blvd., Los Angeles, Ca1H. 
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DESIGNING ENGINEERS AND MANUFACTURERS OF 

ELECTRONIC INDUSTRIAL & COMMUNICATIONS EQUIPMENT 
GENERAL OFFICES: 215 Fulton St., New York City FACTORIES at Brooklyn, N.Y. 

ELECTRONICS-May 1944 297 



_it SENp fo 

WE HAVE 

PA R T S 

gairgie 
-TO SPEED 

VICTORY! 

of ths 
800 PAGE GE 

OVER 10,000 ITEMS 
-IN STOCKI 
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Edition 
íq44 
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Purchasing Agents! 
Engineers! 

This massive buying guide 
Is yours simply by writing 
on company letterhead 
stating Your title. Ad. 
dress Box EY. 

FOR PROMPT SERVICE 
Telephone BArclay 7-1840 

& ELECTRONICS CO. 

212 FULTON ST. NEW YORK 7 

BUTTON TYPE. FLAT OR STEPPED TYPE 

SQUARE, OBLONG AND ROUND 

CLOSEST TOLERANCES 
e 

EXCELLENT FINISH 

MINIMUM LAPPING 
GREAT SAVINGS IN MAN HOURS 

AND COSTS 

PROMPT DELIVERIES 
Send for full information 

OettlegeCtimparty 
UNION, NEW JERSEY 

Mrs. Martha Kinzie has been 
elected assistant secretary of the 
Radio Technical Planning Board 

and will be responsible for pro- 
cessing of papers in connection 
with the work of the board. 

J. S. Jammer his been appointed 
general commercial director of 
Federal Tel. & Radio Corp. He is 
an assistant vice-president of the 
company and an assistant vice- 
president of International Stand- 
ard Elec. Corp. 

H. W. Whitmore has been ap- 
pointed chief engineer of Kold- 
Hold Mfg. Co. of Lansing, Mich., 
succeeding R. H. Swart. 

Will Baltin, program manager 
of - DuMont television station 
W2XWV, has resigned that post to 
accept new duties as secretary - 
treasurer of Television Broadcas- 
ters' Ass'n, Inc. 

Scott W. Smith, physicist with 
-the Kelley-Koett Mfg. Co., has 
been appointed a member of an 
advisory committee conducting re- 
search in the field of fluoroscopy 
for the National Academy of Sci- 
ences and the National Research 
Council. 

Arthur J. Wilson, former chief 
of the production control branch 
of the WPB radio and radar di- 
vision, has been appointed direc- 
tor of the production scheduling 
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e- Sylvania Radio Tube "Firsts" 

f 

Sylvania was first to introduce a line of 1.4 -volt tubes, 
which made the camera -type portable radio the rage of 
1938 and later contributed to our military radio service. 

Prior to this Sylvania development, the standard filament 
voltage for battery receivers was 2.0. This meant that two 
dry cells had to be connected in series to provide 3 volts. 

This power was reduced to 2.0 volts by means of a resistor, 
which dissipated one-third of the expensive voltage. 

Sylvania 1.4 volt tubes operated, without resistor, on a 

single dry cell. Their low filament drain made it possible 

to build combination receivers that took their power from 

either a 110 -volt power line or a single dry cell. 

This development, which is typical of Sylvania's leader- 

ship in engineering of economical standardization, went 

to war in portable radio equipment for close -range mili- 

tary communication. On every front 1.4 -volt tubes re- 

duced by half, the battery weight that our boys have to 

carry. 

Quality that Serves the War Shall Serve the Peace 

pRMrl.pur 

RADIO DIVISION EMPORIUM, PENNSYLVANIA 

SYLVANIA 
ELECTRIC PRODUCTS INC. 

RADIO TUBES, CATHODE RAY TUBES, ELECTRONIC DEVICES, FLUORESCENT 

LAMPS, FIXTURES AND ACCESSORIES, INCANDESCENT LAMPS 
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SQUARE -WAVE 

GENERATOR 

DESIGNED for testing over-all 
performance of radio systems 
and networks, this self-con- 
tained instrument generates its 
own frequency with remark- 
able stability. Can be synchro- 
nized from an external source. 

Other units in the new Gen- 
eral Electric line of ELECTRONIC 
MEASURING EQUIPMENT in- 
clude: G -E wave meters, capac- 
itometers, power supplies, 
wide band oscilloscopes, signal 
generators, and various other 
instruments in the ultra -high 
frequency and micro -wave 
fields for measuring electronic 
circuits and checking compo- 
nent parts. 

For complete details, please 
mail coupon below. We invite 
your inquiry for G -E electronic 
measuring equipment made to 
meet your specific requirements. 

FREE 
CATALOG 

ELECTRONICS 
DEPARTMENT 
General Electric Co. 
Schenectady, N. Y. 

Please send, without obligation to 
me, the General Electric Measuring 
Instrument Catalog. E-5 (loose -lean, 
for my information and files. 
Name 
Company 
Address 

a 

GENERAL < ELECTRIC 
164.C2 

Electronic Measuring Instruments 

division, replacing Robert M. Hat- 
field who resigned to accept a com- 
mission in the Navy. 

David Nierenberg, president of 
Electronics Heating & Brazing Co. 
of New York, died recently at his 
h orne. 

A. F. Rucks has been elected 
president and general manager of 
C. J. Tagliabue Mfg. Co. 

Glenn Bannerman has been re- 
appointed president and general 
manager of the Canadian Associa- 
tion of Broadcasters. 

William A. Lewis, director of 
the school of electrical engineer- 
ing at Cornell University, has been 
appointed consulting electrical en- 
gineer to the Armour Research 
Foundation. 

Lewis E. Scott, former superin- 
tendent of the resident school of 
American Television and more re- 
cently industrial engineer with 
Consolidated Aircraft and Doug- 
las Aircraft, has joined the staff 
of Hoffman Radio Corp. of Los 
Angeles, Cal., as method engineer. 

Ben Kievit, supervisor of Cus- 
tomer Services of Sylvania Elec- 
tric Products, Inc. in Emporium, 
Pa., has been moved to the New 
York office as field engineer for 
the metropolitan and New Eng- 
land areas. 

THE GRAY MANUFACTURING CO., 

Hartford, Conn. 
E. F. JOHNSON COMPANY, 

Waseca, Minn. 

SPEEDS UP WORK! 

CUTS COSTS! 

g iM F 
Patented 

Miracle Flowing 
Super Wetting 

Hard Soldering Flux 
Works perfectly with direct flame 
gas, hydrogen, acetylene-muffle 
(direct and indirect) and Induction 
heating. Meets all rigid standards 
and specifications for brazing, sol- 
dering and welding of Stainless 
Steel, Steel, Iron, Copper, Brass, 
Bronze, Platinum, Gold, Silver, 
Monel Metal, Nickel, Nickel Silver 
and other ferrous or non-ferrous 
metals and alloys. 

See how Kwikflux improves the 
work quality in Joining similar or 
dissimilar metals. Its fast fluxing 
action speeds up work. Does not 
lump or pit solder. Excess flux 
washes off quickly in hot water. 
Saves cleaning and finishing time. 
Saves gas and electricity. 

Send for FREE TRIAL JAR 
and Bulletin No. 8. 

SPECIAL CHEMICALS CO. 
30 Irving Place New York 3, N. Y. 

DUPLICATING and PROFILING 

AUTO ENGRAVER 
Accurate Engraving 

with Unskilled Operators 
Unskilled operators will profile or accurately 
reproduce in smooth lines any design, num- 
ber, letter, emblem, signature; on iron, brass, 
copper, aluminum, soft steels and all plastics. 
Here are some of its other uses .. 

Drills a series of holes, or profiles small 
parts. 
Cuts an even channel for wiring on panels. 
Increases accuracy and production. 
Works from original drawing or templates. 
Etches glass and similar items. 
Will not cause distortion. 

For complete information on this and other 
models and prices write Dept. K. 

AUTO ENGRAVER CO. 
1116 BROADWAY, NEW YORK 19 
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PERMANENT MAGNETS MAY DO IT BETTER 

UMBLING over the treacherous roads 
in Italy and lunging ashore on Jap 

island -fortresses, this "rolling radio 
station" of the U. S. Signal Corps has 
won high praise for its splendid perform- 
ance in the battle of communications. 

Built by the Hallicrafters Co., and 
designated "SCR -299", it also illustrates 
a number of the constantly growing uses 
for which permanent magnets are em- 
ployed today. In the 299's loud speak- 
ers, headsets, microphones, telephones, 
instruments and magnetos, permanent 
magnets are extremely vital parts. 

In many other types of electrical and 
electronic equipment for land, sea and 
air warfare, permanent magnets perform 
equally important functions. And be- 
cause of our 34 years of specialization 
in this field, our organization has played 
a leading role in designing and l manu- 
facturing permanent magnets for nu- 
merous applications. 

This unusual experience should prove 
valuable to you in solving your engi- 
neering problems ... and our engineers 
will be pleased to consult with you. 
Write us, on your letterhead, for the ad- 
dress of our office nearest you and a copy 
of our "Permanent Magnet Manual". 

PHOTO COURTES' U. S. ARMY SIGNAL COIFS 

The "SCR -299" is mounted in various types of vehicles 
and is also used, dismounted, as a fixed radio station. 

INDIANA STEEL PRODUCTS 
eempaAry 

6 NORTH MICHIGAN AVENUE CHICAGO 2, (ILLINOIS 

* Specialists in Permanent Magnets Since 1910 * 
COPYRIGHT 1944, THE INDIANA STEEL PRODECTS COMPANY 
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ANOTHER 
SPECIAL BY 

PROGRESSIVE 

Ask for design help. 

Item illustrated is a 

"special," of which no 

samples are available. 

%lie PROGRESSIVE 

Special heads, threaas,. 

and finishes-on fasten- 

ings of any metal et 
alloy adapted to rotd- 

upset-are trogressivé s 

specialty. Weekly output: 

25,000,000. 

MFG. CO. 
TORRINGTON 50 NORWOOD ST. CONNECTICUT 

PLASTIC PARTS 
Large or small quantities. Produced to your specifi- 

cations. Precision machining, stamping and forming 

all plastics. No molds required. Send your blueprint, 

or write for bulletin. 

PIOINTLOID, Te. 
93 Mercer Street New York 12, N. Y. 

Magnetic Tape 
Recorders 

(Continued from page 135) 

Figure 3 also shows the imped- 
ance of the recording heads as a 
function of frequency. The input 
into the recording head generally 
follows the shape of the impedance 
curve. The effect of input levels on 
distortion at the low -frequency end 
seemed too critical to follow a gen- 
erally rising input characteristic; 
but higher undistorted output can 
be realized at the higher frequencies 
with increased input. 

Conclusions 

Reproducing with two heads in- 
creased distortion without any ma- 
terial contribution to the output 
level. Obliterating voltage had no 
effect on performance when varied 
between relatively wide limits, but 
it was usually necessary to obliter- 
ate two times to remove all traces 
of previous records. 

The parameters in order of their 
effectiveness were thus found to be 
recording input level, displacement 
of recording heads, polarizing volt- 
age, and obliterating voltage. The 
largest single contributing factor 
to distortion was the recording in- 
put voltage at the lower half of the 
frequency spectrum, the input level 
getting more critical as the fre- 
quency was lowered. 

Considerable time was saved by 
the adopted parameter -elimination 
procedure, exploring individual 
parameters in the reverse order of 
their relative weight. One may ex- 
pect considerable departure from 
these results in efficiency and noise 
level with different magnetic mate- 
rials, head construction and tape 
velocities; however, agreement of 
output response with deductions 
and curves found in literature 
shows that the characteristics ar- 
rived at above are typical of mag- 
netic recorders in general. 
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Keep in constant contact with 

KAAR RADIOTELEPHONES 

KAAR PTS-22X TRANSMITTER 
22 WATTS -30-40 MC 

The Kaar PTS-22X transmitter provides relia- 
ble and efficient high -frequency communication 
from military, civil and commercial mobile 
units. It has a rated output of 22 watts. 

The standby current is zero, as instant heat- 
ing tubes are used, lowering the demands on 
the battery of the vehicle. Transmission is com- 
pletely controlled by a "push -to -talk" button on 
the microphone. This button lights the tubes, 
starts the dynamotor power supply, silences 
the receiver, and switches the antenna to the 
transmitter -all in a fraction of a second! 

KAAR PRS -9X RECEIVER 
10 TUBES -30-40 MC 

A remote control box, mounted on the dash 
of the vehicle, controls the receiver located in 
the trunk compartment. The box contains a 
combined on-off switch and volume control, a 
red jewel light to indicate when the receiver is 
on, and an off switch for the no -signal squelch 
circuit. 

The no -signal squelch circuit automatically 
silences the receiver except when calls are actu- 

ally being received. In addition, an automatic 
noise silencer circuit makes difficult reception 
understandable by reducing electrical and 
ignition interference. 

For swift checking and servicing, both the 
transmitter and receiver may be removed from 
the vehicle by releasing four luggage -type 
catches. The dust covers are likewise removed 
by releasing two catches. 

For transmission in the 1600-2900 KC range inquire 
about Kaar PTL-22X transmitter and 11X receiver. 
Other ranges available on special order. 

KAAR\ 
ENGINEERING 

C O. 

KAAR 
ENGINEERING CO. 

PALO ALTO, CALIFORNIA 

Export Agents: FRAZAR & HANSEN 
301 CLAY ST., SAN FRANCISCO 11, CALIF., U. S. A. 
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NEW PRODUCTS 

Month after month, manufacturers de- 
velop new materials, new components, 
new measuring equipment; issue new 
technical bulletins, new catalogs 

Flux Meter 
AN ELECTRONIC PERMEABILITY Com- 

parator for permanent magnet test- 
ing has been developed as an aid in 
production of radio and radar in- 
struments and may be used for 
checking and comparing the mag- 
netic flux of any shape or type of 
permanent magnet. 

Designed primarily for checking 
the saturation of special Alnico 

meter magnets, this new device can . 
be used for comparing various types 
of magnet steel. Different sizes and 
shapes of search coils may be used 
and may be made small enough to 
insert in the air gap of assembled 
meters. 

The fluxmeter has no moving 
parts besides the indicating meter, 
and it employs a special vacuum - 
tube circuit operating from a.c. cir- 
cuits. 

J. Thomas Rhamstine, 300 Beau - 
bien St., Detroit 26, Mich. 

Covers for Magnets 
Two DIFFERENT TYPES of covers are 
available to prevent contact of steel 
tools or other ferro -magnetic pieces 
with magnets. These covers are de- 
signed for greater economy, effi- 

ciency and saving in time. 
The first of these covers gives 

full protection up to temperatures 
of about 350 deg. F. The cover is 
formed by molding around the mag- 

net, by hand, a dry flexible plastic 
material saturated with a special 
solvent. Soaking in this solvent 
gives it flexibility which enables the 
operator to cover all parts no mat- 
ter what shape or size or curvature 
of contours. When the magnet is 
suitably covered (in about two to 
four minutes) it is then placed in 
an infrared or drying oven for a 
few hours. The tacky covering be- 
comes dry and firmly bonded to the 
magnet, forming a hard protective 
surface of sufficient thickness to 
prevent loss of energy content of 
the magnet. 

The second of these covers with- 
stands temperatures above 700 deg 
F. It is made with a fabric which 
is soaked with a special inorganic 
solution to make it pliable enough 
to be molded readily around the 
magnet. When the cover is smoothed 
into shape it is given a second coat- 
ing of this solution, with a brush. 
The cover is then baked in an 
infrared ray oven. 

Cinaudagraph Corp., Stamford, 
Conn. 

Telephone -Type Relay 
ILLUSTRATED IS MODEL TKL, the 
latest addition to the manufac- 
turer's line of telephone -type re- 
lays, developed for high frequency 
use. The relay utilizes Mycalex in- 
sulation but can be supplied with 
approved bakelite insulation for 

standard switching service. The 
coil of the relay is sealed with cel- 
lulose acetate for resistance to 
humidity. The relay meets all 
standard salt spray specifications 
and will withstand shock and vibra- 
tion to 10 G. The contacts are nor- 
mally made with palladium for 
maximum sensitivity, but they are 
also available, on request, in silver 
or special alloy. Double pile-ups or 
contacts are available from a single 
"A" (SPSTNO), "B" (SPSTNC) 
or "C" (SPDT) arrangement to a 
maximum of four "C" combina- 
tions. The unit, less contact pile- 
ups, weighs 1i ounces and meas- 
ures 113a x Ian x 113e inches. Tapped 
studs (brazed to the frame) facili- 
tate easy mounting and prevent 
short circuiting of the coil. 

Allied Control Co., Inc., 2 East 
End Ave., New York 21, N. Y. 

Control Instruments 
THESE INSTRUMENTS, designated as 
"Chronotrols," are designed to en- 
force any desired heating or cool- 
ing program. They provide com- 
pletely automatic temperature reg- 
ulation regardless of the changes 
in temperature desired for a given 
process or application. The tem- 
perature cycle desired is cut out on 
a disc, and its rotation by a syn- 
chronous motor moves the temper- 
ature setting -lever of the control 
instrument. High-speed response 
of the control unit to changes in 
temperature is achieved by the lack 
of mechanical linkage between the 
measuring and the control sections. 
The frequency of oscillating cur- 
rent flowing between pick-up coils 
(mounted on the temperature con- 
trol setting index) is changed when 
a control flag (mounted on the 
pointer or pen arm) is moved be- 
tween the coils by a temperature 
rise, or is moved from between the 
coils by a temperature drop. This 
frequency change in the control cir- 
cuit governs the output current of 
a vacuum tube, acting to open relay 
contacts which, in turn, operate 
fuel valves or switches. 

Twenty-five models are avail- 
able. Ten of these are for propor- 
tioning control, and the others are 
for use in two -position on -off, and 
three -position on -intermediate -off 

control for high and low temper- 
ature applications. Thermometer 
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Three attitudes that hamper the War Effort 

IGNORING NATIONAL DESTINY 

Many men are solving the problems of 

war as they would ordinary business difficulties. 

Having solved them, they ignore the most 

important phase. Their attitude toward the 

war's meaning and its effect on national 

destiny is apathetic and disinterested. 

USING VITAL ISSUES TO 

PERSONAL ADVANTAGE 

To further their own selfish aims, many men 

seize upon vital issues to confuse and confound the 

average citizen. When the times call 

for statesmanship, America is treated to a sorry 

spectacle of demagoguery, greed, blocs, 

distortion, shrewd manipulation of emotions. 

PULLING IN DIFFERENT DIRECTIONS 
While commands in various war theatres are 

being consolidated and strengthened, here at home 

there are men who have forgotten the unity after 
Pearl Harbor. Each is off on his own particular 
project, seldom remembering that thousands 

of other men will die before the conflict is over. 

THERE IS NO PLACE IN THE COUNTRY FOR SUCH MEN 

We of ECA are working not only to produce the materials of war but, like all good citizens. 
to help attain the objectives of the war. We know that we must be vigilant ...especially se 
now. Men of evil intent have come out of hiding. In smoke -fitted rooms attractive bargains are 
being arranged - with the "little people" included out. Energy which should be devoted to the 
support of the Commander -in -Chief, and those under him, is being used to stir up distrust and 
dissension. What appears to be overlooked is that the ultimate aim of victory is a decent world 
... where men of good will live and work together with a full understanding of each other's needs 
and hopes and aspirations. We have already learned, the hard way, what isolationism and sel- 
fishness and disunity can mean. Must history again repeat Itself? 

REPRINTS or THIS ADVERTISEMENT AVAILABLE 

ELECTRONIC CORP. OF AMERICA 
45 WEST 18th STREET NEW YORK II, N. Y. WATKINS 9-1870 

SHAPPEWILKES INC. 
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Specialists 
... in Assembly and sub -assembly 
of Precision Electronic Products 

Complete Facilities for Production 
and Testing of. Audio Equipment 

Consult us with your Production 
Assembling Problems 

IIADELL 
CORPORATION 

6323-27 GUILFORD AVENUE; INDIANAPOLIS 5, INDIANA 

Skill 
¡HE superior skill of American 

pilots wins air battles on every 
fighting front. In the same sense, 
it's the superior skill and long ex- 
perience of Sinko Plastic Engineers 

' which are responsible for the ex- 
traordinary success of so many 
intricate Sinko Injection Moldings. 

Sinko has been making better 
tools and dies for 25 years - 

and better injection moldings ever 
since thermoplastics were intro- 
duced. Small wonder we've de- 
veloped superior methods and 
techniques, an unsurpassed knowl- 
edge of simple and intricate steel 
reinforced injection molding. Many 
peacetime products we've made 
have helped capture coveted mar- 
kets. For your own best interests, 
discuss your post-war plans and 
products with a Sinko engineer, 
NOW. 

PRECISION INIECTIOJI MOLDING 

SINKO TOOL i MANUFACTURING COMPANY, 351 NO. CRAWFORD AVENUE, CHICAGO, ILLINOIS 
RORRE56ITATNT 5 D.MOORE,MSD CNOUTEAU AK.. ST. ROUIS, MO. 'armlet DUGAN, INC.. 29 WILUESON ST. BUFFALO, N.Y ARCM MASON, 259 CENTRAS AYE., ROCHESTER, N Y 

N. O. ANDERSON, 202 PIEBALD SLUG., SYRACUSE, N.Y PAUL SEILER, 7779 CORTLAND AVE., DETROIT. MICR, OUE155ER SROS.. I011 EAST NINTH ST INDIANAPOLIS. INO 

models are available in recording as 
well as indicating types. 

Wheelco Instruments Co., Harri- 
son & Peoria Sts., Chicago 7, Ill. 

Midget Amperite Regulator 
A COMPACT AUTOMATIC regulator, 
designated as T-6 Tube, is useful 
where space is at a premium. It is 
obtainable in voltage ranges of 1 to 
10 volts, and current carrying ca- 
pacities of 0.15 to 1.0 amp. The 
voltage across the regulator will in- 
crease approximately 250 percent 
with a 10 percent change in cur- 
rent. This regulation is obtained 
by the use of an iron filament her- 
metically sealed in a hydrogen at- 
mosphere. A standard two -contact 
auto base is used. 

Amperite Company, 561 Broad- 
way, New York 12, N. Y. 

High Frequency Motor 
Generator 
A NEW LINE OF HIGH frequency mo- 
tor generators includes a unit (il- 
lustrated) which weighs 110 lbs 
and measures approximately 161 x 
8 i x 131 inches. Frequencies which 
the unit provides, are either 400 or 
800 cps. The motor winding may be 
tapped to deliver 60 or 120 cps at 
either 1800 or 3600 rpm. Voltages 

available are from 60 on the tapped 
winding to250 on the 800 cps wind- 
ing. Capacities up to 1000 watts 
may be furnished. The motor can 
be wound for d -c voltages rated at 
110 or 220 volts, or it can be fur- 
nished for three-phase use at 
slightly lower capacities. Voltage 
regulation is rated approximately 
6 percent at 120 cps, and 24 per- 
cent at 720 cps. Frequency regula- 
tion is 1.6 percent at 1000 volt - 
amps. 

Another unit has a capacity of 
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GIVE YOUR PRODUCT 

PERMANENT IDEAL 

WORKING CONDITIONS WITH 

Fedelco-Seal 

FEDELco-SEAL makes good products better products. 
By incorporating the element in which a device 

operates at peak efficiency as an integral part of the 
unit, Fedelco-Seal insures a permanently ideal sphere 
of operation. 

Illustrated here is a transformer sealed in an air -tight 
case by the Fedelco-Seal method. It is an example of 

the way Fedelco-Seal can bring to the products of all 

industry an entirely new conception of performance. 

Abrasive dust, corrosive fumes or explosive gases have 
no effect on devices when sealed by Fedelco-Seal. Ordi- 
nary air, containing moisture, can be sealed out and any 
pre -determined operating condition-dry air or gases, 

such as oxygen, helium or nitrogen, under any reason- 
ably desired pressure-can be permanently sealed in. 

Let Federal Electric engineerAl ow you how your prod- 
uct may be enhanced in value by surrounding its oper- 
ating parts with working conditions most ideally suited 
to it. Fedelco-Seal may be the something new for which 

you have been looking. 

Send us details of your pr blew and a sample of your 
product. Our en'ineèi1s ti . t e glad to show you what 
Fedelco-Seal ' an do Call or write today. 

Transformer 

case sealed 
by Fedelco- 

Seal 

HOW PRE -DETERMINED OPERATING 

CONDITIONS ARE SEALED INTO 
A DEVICE BY FEDELCO-SEAL 

EXAMPLE: CLARE TYPE "K" RELAY 

1 2 

Steel base is stamped. It is 

shown here ready for mounting 
of relay assembly. 

3 

Glass button with fused -in lead 
wires is sealed to a metal ring. 
This ring is then brazed to a 

metal skirt and finally to the 
steel base. 

Steel enclosure is placed over 
Relay is mounted and lead wires the relay assembly and brazed 
are soldered to the contact and to the base, making an air -tight 
coil. assembly. 

5 

Vessel is evacuated. Any pre- 
determined working conditions 
... dry air, inert gas ... at any 
reasonable pressure ... is then 
introduced into the chamber. 
Glass tube is then sealed off as 
shown. 

Octal base is placed over 
. header skirt and wires are sol- 

dered to base pins. The relay 
within the housing is now ready 
for use under any pre -deter- 
mined conditions without regard 
to atmosphere, pressure, or tem- 
perature. 

FEDERAL ELECTRIC COMPANY, INC. 
8700 SOUTH STATE STREET, CHICAGO 19, ILLINOIS 
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as DEPENDABLE 
as the PLANETS 

Hapion TIMING /MO?ons 
AC vICEs 

DC 

AS regular, as precise 
as the movements 

of planets ... such are 

Haydon Timing Motors 

and Devices. Equipped 
with special motors to 

fit your particular re- 

quirements and geared 
up or down to any 
speed from 450 RPM or 

faster, to one revolution 
a month. 

Let our Engineering 
Service help you with 

your timing problem! 

Send for illustrated cat- 

alog! 

Haydon motors can 
have brakes for instant 
stop ... are reversible 
and possess shift de- 
vices for any automatic 
reset. 

* 
Complete information on 
Timing Motors by the 
originators o f Timing 
Motors is recorded in 
this new Haydon 
catalog. 

* 

DC MOTOR 

Reversible - Com- 
pact - light In 
weight- seg- 
ment commutator -low reactance 
rotor winding-al 
oleo magnet field- 
totally enclosed. 
Sealed -In lubrica- 
tion. 

AC MOTOR 

Available 450 RPM 
to I REV. Per 
month: manufao. 
tured to your spe- 
alAo voltage, ire 
quency..speed.and 
torque require. 
mente. The small. 
est 60 
cycle II-RPM0 tun to 
consume only 2 
watts. 

WRITE 

COPY 
FOR YOUR 

TODAY 

a on 
MANUFACTURING COMPANY 

* INCORPORATED ecas 

250 volt -amps at 400 cps, single 
phase at 2000 rpm. This unit is also 
supplied for three phase (belt - 
driven). 

The manufacturer, Kato Engi- 
neering Co., (Mankato, Minn.), will 
build these high frequency motor 
generators to specification. 

Transformers 
ILLUSTRATED Is Type No. CS -8751 
transformer which is enclosed in a 
case designed to eliminate any 
strain on the solder seal. The case 
is steel, and is rustproof. These 
transformers have passed the Sig- 
nal Corps 5 -cycle immersion test. 
Terminals of the transformers are 
available in molded bakelite or of 
glass and are solder -sealed to the 
case. The mounting bolts are welded 

gas tight. The transformers are 
potted with a rubber seal compound. 
The manufacturer states this new 
type case will eliminate the mechan- 
ical cause of transformer failure 
due to shock from temperature or 
humidity changes, and vibration. 

Thermador Electrical Mfg. Co., 
5119 S. Riverside Drive, Los An- 
geles, Cal. 

ULTRAVIOLET LIGHT has been 
used in skin grafting to deter- 
mine when blood circulation has 
been established in a piece of skin 
being transferred. Sodium fluores- 
cein is injected into a vein and 
causes the skin to become yellow - 
green under ultraviolet light if the 
blood is circulating properly. 

AT 1100 MC 
POWER FACTOR 0.0033 

DIELECTRIC CONSTANT 3.57 

DILECTENE 
A CONTINENTAL -DIAMOND 

ENGINEERED U -H -F 

INSULATING PLASTIC' 

STABLE UNDER 
High Humidity 

Temperature Extremes 

Mechanical Stress 

Chemical Conditions 

READILY MACHINED 

For complete technical 

data, send for Bulletin DN 

CONTINENTAL -DIAMOND 
FIBRE COMPANY 

NEWARK 16 DELAWARE 
tw 

WIDE RANGE 
VACUUM TUBE 
VOLTMETERS 

High input impedance for both AC and 
DC measurements. 
Convenient, low capacity "Probe," es- 
pecially adapted to high frequency radio 
use -100 megacycles and over. 
Self-regulating operation from power 
line; no batteries. 
Multiple voltage ranges - accurate end 
stable. 

BULLETIN ON REQUEST 

ALFRED W. BARBER 
LABORATORIES 

34-04 Francis Lewis Blvd. Flushing. N. Y. 
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Use KLIXON 

Disc -Operated Controls 
No matter what the control problem ... motor and 

transformer overheat protection, electrical circuit over- 
load protection, thermal time delays or temperature 
control for radio equipment ... you get an extraelement 
of safety when you use Klixon snap -acting controls. 
The reason lies in the actuating element ... the scien- 
tifically calibrated Spencer thermostatic disc. This disc 
does away with complicated relays, toggles,' magnets 
and other fussy parts. It "snaps" to a solid make or a 

quick, clean break. And because it has no complicated 
moving parts, it keeps on providing 
protection for years on end. 

Klixon Snap -Acting Controls are 
small, compact, light in weight and 
are unaffected by altitude, motion, 
shock or vibration. They are avail- 
able in many standard types to meet 
most control requirements. Write for 
complete information. 

Type ER Series. Type C-2851 Thermostat. For 
Ambient Compensated Time such use as Roughing Controls 

Delayed Relays on Outer Crystal Ovens 

1K.... ..... ... Vt. ...o.. 

SPENCER THERMOSTAT COMPANY, ATTLEBORO, MASS. 
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PLASTIC 
NAME PLATES 

Printed Screened Engraved 

Laminated Plain and Fluorescent 

Send for our booklet 
showing many other appli- 
cations precision made in 

plastics by Felsenthal. 

Also Dials. Crystals. Computers and other items to specifications 

G. FELSENTHAL & SONS 
Manufacturers Since 1899 

41 22 WEST GRAND AVENUE CHICAGO 51, ILLINOIS 

PERMANENT MAGNETS 

THE Arnold Engineering Company is 

thoroughly experienced in the production 
of all ALNICO types of permanent magnets 
including ALNICO V. All magnets are com- 
pletely manufactured in our own plant 
under close metallurgical, mechanical and 
magnetic control. 

THE ARNOLD ENGINEERING COMPANY 
147 EAST ONTARIO STREET, CHICAGO 11. ILLINOIS 

Relay Set 
ALTHOUGH THIS RELAY SET (desig- 
nated as SS -5) has been developed 
primarily for use with the manu- 
facturer's "Red -Top" thermo-reg- 
ulator, it may also be used in con- 
junction with galvanometers, con- 
tact -equipped meters, gages, or 
other relay -operating instruments 
that require low -gram contact pres- 
sure. The relay set consists of a 
sensitive iron -core -magnet type 
relay which can be operated on 110 
volts, 2 amps, and a solenoid type 
mercury plunger relay (the tube of 

which will handle a load up to 30 
amps at 110 volts a.c., or 20 amps at 
220 volts.) These two relays are 
mounted side by side on a hinge - 
covered housing which measures 
5i x 54 x 3i inches. A convenient 
terminal block is furnished below 
the two relays with marked termin- 
als for line connection. A 4 -foot ar- 
mored cable, equipped with a plug, 
is attached to the side of the hous- 
ing and is all ready for connection 
to the instrument. 

The list price of the unit is 
$20.00 f.o.b Philadelphia. 

H -B Instrument Co., 2504 N. 
Broad Street, Philadelphia 32, Pa. 

Volt Ohmeger.. 
Insulation Tester 
INSULATION TESTING at 500 volts up 
to 10,000 megohms is provided with 
Model 665 electronic multitester, 
which also serves as a capacity me- 
ter and which will measure from 
2.5 micro microfarads up to 2,000 
microfarads. The unit uses a VR 
105-30 voltage regulator tube to in- 
sure freedom from error due to line 
voltage fluctuations. There are 
thirteen a -c and d -c voltage scales 
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THE HARVEY "AMPLI -STRIP" 
This I -F and AUDIO amplifying unit has 

proved itself on many applications of vital 
importance. It is now available with electri- 
cal characteristics to suit your requirements. 

The Harvey Ampli -Strip is representative 
of Harvey design and production facilities 
that have been painstakingly built up over 
years of specialization in radio and electron- 

ics engineering exclusively. The electronics 
knowledge, precision manufacturing and test- 
ing resources responsible for equipment such 
as this may prove of great practical value 
to you now or in the critical re -conversion 
period ahead. 

Your inquiries will be given prompt and 
careful attention. 

HARVEY 
OF CAMBRIDGE 

HARVEY RADIO LABORATORIES, INC. 
439 CONCORD AVENUE CAMBRIDGE, MASS. 

HARVEY 
106 PA REGULATED POWER SUPPLY 

for Laboratory D. C. Source - Range 200 to 300 Volts 

II rile for uru (bulletin 

HARVEY 
100-T 

TRANSMITTER 

Compact Dependable 
Easy to Operate 

A 100 WATT TRANSMITTER-TELEPHONE AND TELEGRAPH 
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A 1 Ib. BILLET OF ALLOY 

if a 

106 MILES 0? 

JELLIFF ALLOY "C" WIRE 

(mow 

eitiVide 
ate 

JELLIFF 
MILL / 

THE C. O. JELLIFF MFG. CORP.. 

SOUTHPORT-CONN. 

SPECIALISTS IN 
FINE WIRES 

(with 29 ranges) which measure 
from a fraction of a volt to 6,000 
volts at high sensitivity. The tester 
is direct reading and comes ready 
to operate. It is supplied with high 
voltage test leads, r -f lead, and 
signal tracing probe. The tester 
operates as a vacuum -tube volt- 
meter on all ranges with an input 
resistance rated 16 megohm maxi- 
mum. The V -T ohmmeter has 7 

ranges to 1,000 megohms. The scale 
of the instrument is an 8 inch 
D'Arsonval microammeter with an 
accuracy of 2 percent. The move- 
ment is linear. The meter cannot 
be damaged by checking a live re- 
sistor or by using too low a range 
for making a measurement. 

Catalog No. 128 describing this 
instrument is available from the 
manufacturer, Radio City Products 
Co., Inc., 127 West 26th St., New 
York 1, N. Y. 

Pilot Light Assembly 
"COMPACTO" PILOT LIGHT assembly 
is designed to adapt a large jewel 
holder to a panel where mounting 
space behind the panel is limited; 
and to provide a large surface light 
on a low voltage panel. The assem- 
bly is made of brass, or aluminum, 
with a socket house made of Navy 
specification Bakelite, which is 
sealed with Bakelite varnish. A 
screw -in type jewel holder facili- 
tates bulb replacement. Seven fin- 
ishes are available. The lenses are 
available as smooth (clear color) or 
diamond -faced, and sand -blasted all 
over or on the back. Lens colors 

1110 -VOLTS A. C. 
from DIRECT CURRENT 

with KATOLIGHT ROTARY KONVERTERS for 
operating radio and electronic equipment, 
moving picture praiedors, sound apparatus, 
A.C. appliances, etc. 

225 WAl" 
CONVERTER 
Available in s'.es II0 through 1500 watts, 
1800 and 3600 ir.p,m. ball bearing designs. 
Furnish standard 10 -volt 60 cycle A C. from 
32, 110 or 220 -volts direct current. Quiet in 
operation. Cra be furnished with special 
filtering equipment for sensitive radio work. 

PIONEERS IN THE BUILDING OF 
SMALL ROTARY CONVERTERS 

At present Kato's anbre production must be 
directed to furnishing converters on high 
priority orders. Wire us if you need this 
kind of equipment for orders. 
Also manufacturers of A.C. and D.0 genera- 
tors ranging from 350 watts through 25 K.W.; 
power plants; Freçueacy changers; nigh fre- 
quency generators; and Motor Generator Sets. 

KATO ENGINEERING CO. 
68 ELM ST. MANKATO, MINN. 

THIS PHO1IO TRANSMITTED & RECEIVED BY 

12'iC facsimile 
Deliavers pictures and e4t,;,7: ., «u.a:'a,i.fi,:. 

Finch Telecommunications Inc., Passaic, N. J. 
AS NRTIONALLY ADVERTISED 

For the present, Finch manufac- 
turing facilities are being de- 
voted to spec;al radio appara- 
tus for ... * 

U. S. SIGNAL CORPS 
U. S. NAVY * 

U. S. ORDNANCE DEPT. * 
F. C. C. 

* F. B. I. 
*- U. S. TREASURY DEPT. * 
* andWARMIANUFACTURERS * 
FINCH TELECOMMUNICATIONS, Inc. 

PASSAIC, N. J. 
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NEW VISIONS for Tomorrow's World 

IT DOESN'T MATTER NOW whether clouds hide 
the sun, or whether evening shadows fall on the 
baseball diamond. If the fans in the grandstand see 
the game so can the modern television camera. 

That was not always so; the pre-war television 
"eye" needed as much sunshine as it could get to 
illuminate the scene. The same was true of football- 
final quarters were occasionally "washed out" on 
the television screen. 

But thanks to research, conducted at the RCA Lab- 
oratories, a new super -sensitive television camera, 
rivaling the human eye in its ability to see tinder 

conditions of poor light is in Prospect for the post- 
war world. Then, by television you will see every 
last-minute play of the ball game as clearly as if you 
were in the stands. Entertainment, sports, news 
events will pass before your eyes with every detail, 
every shadow faithfully reproduced. 

Today, RCA's research facilities are devoted to 
providing the fighting forces of the United Nations 
with the best radio and electronic equipment avail- 
able. Tomorrow, these same skills will continue to 
serve America in developing and creating new 
and finer peacetime products. 

RADIO CORPORATION OF AMERICA 
RCA LABORATORIES PRINCETON N E W JERSEY 

RCA 
leads the way in 

radio-television- 
electronics 

TUNE IN! ... P..'CA's greet new show, 7:30-8:00 P.M. EWT, over the Blue Network, every Sa urday * BU( WAR BONDS EVERY PAY DAY * 
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Plastic RAIN GAG E 

Calibrations by ROGAN 

Branded in "Deep Relief" for Permanence 

* While Rogan did not manufacture the plastic Rain 
Gage illustrated at left, Rogan did perform an im- 
portant function in helping to make this unit a vital 
instrument of war. How .. ? By branding the gradua- 
tions in deep -relief on the inner tube to meet most 
rigid government specifications. 

Designed and produced by one of the nations 
leading molders, Dillon -Beck Mfg. Co., Irvington, 
N. J., in collaboration with the U. S. Signal Corps, 
the Rain Gage is now being widely used by the 
armed forces to measure rainfall, so essential to the 
successful planning and waging of war. 

Calibrating the Rain Gage to such close tolerances 
offers convincing proof that Rogan can do your brand- 
ing on plastics, no matter how exacting your require- 
ments may be. 

Write today for Full Details-No Obligation! 

ROGAN BROTHERS 
2003 S. MICHIGAN AVE.. CHICAGO 16, ILLINOIS 

THE ISOSOLOOP? 

This was the highest "Q" loop known. 
It went into vast numbers of pre-war 
receivers. For the present, all of our 
efforts are devoted to making DX Xtals 
but when Peace comes, we hope to be, 
once again, the World's Largest Loop - 
Aerial Manufacturers. 

May we help you with your post war plans? 

D1 
XTALS 

GENERAL OFIICES: 18.41 W. CARROLL AVE., CHICAGO, ILL., U.S.A. 

available include red, green, amber, 
blue, yellow, opal, white or clear. 
Trademarks, numerals, letters or 
special signals may be incorporated 
in the assembly. 

The unit has silver-plated vibra- 
tion -proof terminals, and may be 
had grounded or ungrounded. The 
socket accommodates all voltages of 
the following lamps: T-31 minia- 
ture bayonet base, single contact; 
TS -53 miniature bayonet base; and 
Mazda No. 51 G-3 miniature bay- 
onet base. 

The Dial Light Co. of America, 
90 West Street, New York, N. Y. 

Bobbin -Type Koolohm 
Resistors 
THESE BOBBIN -TYPE KOOLOHM re- 
sistors have been treated with a 
current *and temperature ageing 
process to assure stability. Stand- 
ard resistance tolerances are ±5 
percent for full wattage rating, al- 
though closer tolerance (as low as 
±iiL percent) can be provided at 
lower wattage ratings. The maxi- 
mum power rating is 2.5 watts, and 
maximum resistance is 250,000 
ohms in a section t inches wide and 
having a diameter of it inches. The 

maximum recommended operating 
temperature (ambient plus rise) is 
150 deg C. 

These bobbin -type resistors are 
wound with the flexible ceramic -in- 
sulated Koolohm resistance wire on 
molded high -temperature plastic 
forms, fitted with lug terminals 
molded integrally into the forms. 
Units are varnish -impregnated to 
provide additional protection 
against tropical humidity condi- 
tions. The resistors may be used 
as meter multipliers, as resistance 
standards in control instruments, 
as resistance elements of RC oscil- 
lators, as power resistors of med- 
ium wattage ratings in values to 4 

megohm, and where a high degree 
of stability is required. 

Sprague Specialties Co., Resistor 
Div., North Adams, Mass. 
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So H. P. 
(Eilarged 

Illustration) 

TYPE C -2B -1A (illustrated) - developed especially for aircraft use. Well adapt- 
able to blower applications, under most adverse conditions. Designed for con- 
tinuous duty. Ball -bearing -equipped - built in an aluminum die-cast housing. 
1/100 H.P. 6, 12, 24 or 115 volts A.C. 

PROVED PERFORMANCE 
Oster Type 2 -CB motors stand up under the most 
adverse conditions in blower applications .. . 

Designed to save space and weight 

and to give you dependable service 

You can depend on Oster motors 

to live up to the world-wide repu- 

tation of pre-war Oster appliances, 

and to deliver results that add to 

the prestige of your product for 

war and peacetime uses. Careful 

engineering and precision work- 

manship assure you of depend- 

able, trouble -free performance ... 

the aL-around satisfaction th at ius- 

tifiesyour good judgment in choos- 
for motors. 

ing a dependable source 

Illastrated is a type C -2B -1A, 

1/103 H.P. model in current pro- 

duction; other models up to 1/4 

H.P. Let us help you fit :his or 

other Oster motors to your re- 

quirements. M15 

John Oster Mfg. Co. of Illinois 
Genoa, Illinois 

Department L-15 

15 Years 
Experience 

in building 
fractional horsepower 

Motors 
-- is your assurance 
that you are dealing 
with a seasoned, de- 
pendable source 
with a reputation for 
quality, and a back- 
ground of electrical 
engineering research 
and design. 
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HOTOFF THE 
iNIRE" 

PRODUCTION STRIPPING 

`2ew- IDEAL 
"Hot- Blade" 

WIRE STRIPPER 

Quickly strips cotton, silk, or rubber 
from fine stranded or solid wires. In- 
sulation is burned (not cut) from wire 
by two electrically heated blades. No 
cutting or nicking of wire. 

IDEAL ELECTRIC 
SOLDERING TOOLS 

Revolutionary 
Instant Heat! 
IDEAL 
"Thermo - 
Grip" Solder- 
ing Tools heat 
up the part to 
be soldered- 

not just the soldering tool. Melt high - 
melting -point solder instantly. 

IDEAL 

Solderless, tapeless wire connectors. 
Easy to use. Strip wires, screw on - 
that's all. Fully approved. Listed by 

Underwriters' Laboratories, Inc. Sizes 

for every job. 

IDEAL G2, 
IDEAL COMMUTATOR DRESSER CO 

1631 Park Ave. Sycamore, Illinois 
Sales Offices in All Principal Cities 

In Canada: IRVING SMITH, LTD., Montreal, Quebec 

Speed Nut 
A NEW "HI-STREss" speed nut (No. 
A6103H-1032) conforms to AAF 
specification No. 25531, and is 
light in weight. It is a one-piece 
integral unit with low installation 
torque and is designed for speedier 

insertion of screws and bolts. It is 
interchangeable with nut plate 
AN362, for high temperature ap- 
plications. Another feature of this 
new product is that it retains its 
self-locking torque after many re- 
movals. 

Tinnerman Products Inc., 2106 
Fulton Road, Cleveland 13, Ohio. 

Dielectric Test Set 

MODEL 1031-G DIELECTRIC test set 
provides a convenient d -c source for 
voltage breakdown tests up to 4000 
volts. It utilizes a half -wave cir- 
cuit that delivers up to 18 ma. A 
resistive guard circuit is provided 
so that momentary shorts on the 
output do not damage the instru- 
ment. The high voltage output is 
delivered at safety connectors to 
which may be readily connected 24 - 
inch flexible cables which are insu- 
lated and terminated in high volt- 
age test prods. The ground ter- 
minal of the instrument is provided 
with a heavy duty clip. A neon 
glow lamp indicates charge and dis- 
charge of capacitive test specimens, 
as well as breakdown of the insula- 
tion under test. An output indi- 
cating meter shows the voltage be- 
ing applied to the specimen and a 
primary Variac provides continu- 
ous control of the output voltage. 
No extended warm-up period is re- 
quired and the test voltage is avail- 
able as soon as the instrument is 
turned on. The unit is self-con- 
tained and comes in a ventilated 
steel cabinet which measures 
8 x 10 x 8 inches. Also supplied with 
the instrument is a flexible cord 
and attachment plug for connection 
to a 110 volt, 60 cps circuit. 

Technical Apparatus Co., Bos- 
ton. Mass. 

THE "G.I." RADIO -ELEC- 

TRONIC SUPPLY HOUSE 

The promptnes and coni ess 

r:hich we. fill priority or:: rs ha, 

won u> the c amplimglttary ni: naine, 

"The 'G -I Radio-Electra/5i -Supply 

'\-louse' bec ;:. s-. ..e've= 

quickly Get t . . . 

g in radio and e 
Pik 

an 

SU 

for b 

''Giant catalog~ 

less 

or so 

ning 

on4es 

allable , 

TERMINAL RADIO CORP. 

E5 CORTCflNDT ST., NEW YORK 1, N. Y. 

Phon WOde P4415 

DIALS PANELS PLATES 
made to your precise engineer 
ing specifications in etched 
metals and finishes. 

/ li 
METAL ETCHING CO. 

21-03 44th AVE. 
LONG ISLAND CITY, NEW YORK 
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200 pages 

Nth the war came a need 
1t yetf 

the 
unusually 

comes 
concisehe 

answer: a c°mP : engineering data book. 
and practical radio etig 

"Reference Data 

F Ils a teal need-In presenting hone and 

for Radio Engineers", Federal Telep 

Radio Corporation has drawn on its broad ex- 

perience as well as its 
rrent 

war 
the tivity. The nician 

needs of both the engineer 
Hence much fundamental 

have been considered. He 
the gap between the 

data are included to bridge 

ccncise handbook and the standard radio er--- 

gineering text book. 

ny 
of Non -Sinusoidal Waves, Relaxation 

Fourier 

AnalysesOscillators, s Transmission Lines, 

Wavec Guidess, 
Antenna Arrays, have been in - 

and 
pertinent information oit- 

dded. Also much pe 
oit - 

side the field of radio 
a glance at the partial 

For quick, easy ret trance - . 

table contents r° ata included is 

graphs 
theoretical apractical lus numerous illustrations - 

r need 
for rees, ady use. 

ail inning The impetus of 

Edited po todayduct and ta ow - 
the en for an War production has shown the need for an 

ch, 

absolute minimum time lag ment. This 

production and util zaulaces on of 
your fingertips 

ionenformationtthatlushould 
be on the desk of every 

radio man or woman engaged in research, de- 

velopment, production or operation. 

Order your coq today- In serviceable green cloth 

binding, $1.00 a copy; 75¢ a Copy in quantities 

of 12 or more. The order form at the right is 

for your convenience. 

Materiel for this ROOMS was compiled un- 

der dir of ection 
Telephone 

and 
RaáLaboa 

Laboratories inollaboto with 

companies of the Interna- 

tional 
other associate TelegraphCorpo 
Honig 

groupTele companies possesses experience 
This of r a 
gained throughout the 

world ren aloveiroa 
perim- iod 

of many years in the ma 
of 

portant radio projects. 

Published 6y ̀ i, 

Cenral Engineering Tables: Conversion, 
Fractions of Inch, Copper and 
Copperweld Wire, Machine 
Screw Data. 

Engineering and Material Data: Insulating 
Materials, Plastics, Physical 
Constants of Metals, Spark Gap 
Voltages, Thermocouples, Water 
Pressure Data, Power Supplies 
in Foreign Countries, Weather 
Data, Audible and Ether Spec- 
trums, RR Classifications. 

Audio and Radio Design: Condenser and 
Resistor Color Codes, Induc- 
tance and Reactance Charts, 
Time Constants, Impedance 
and Electrical Circuit Formulas, 
Network Theorems, Attenu- 
ators, Filter Networks, Arrays, 
Frequency Tolerances. 

Use this Convenient 

Order Form 

ederal 1bleplione and Radio aeorativr,r 
? iÿr,.gcl ,ïlreef. Neu. York .¡, S. 

e 3¢ iñ':. 
quantities cf 
12 or more 

RINTIh 

Noise and Noise Measurement: egie2Tele- 
phony, Radio. 

Non -Sinusoidal Waveforms: Relc ation 
Oscillators, Electronic Liferen- 
tiation, Fourier Anal -sis of Re- 
current Waveforms, Commonly 
Encountered Waveforms_ 

Mathematical Formulas and Cave al Informa- 
tion: Miscellaneous,Mersa:ation, 
Complex Quantities, Algebraic 
and Trigonometri:. Small 
Angles, Quadratics, P cgession, 
Combinations and Permuta- 
tions, Binomial and Maclaurin 
Theorems, Hyperbel:c and 
Other Functions, Gr _t Circle 
Calculations. 

Mathematical Tables: Logarid_ns, Nat- 
ural Trigonometric Fiictions, 
Logarithms of Trigonometric 
Functions, Exponent_als, Nat- 
ural Logarithms, Hype-bolics, 
Bessel Functions. 

Publication Department, 
Federal Telephone and Radio Corporation 
67 Brosd Street. New York 4, N. Y. 

I encloee dollars for which send me copies of 
"Reference Data for Radio Engineers" ( $1.00 per single copy. 
In quantities of 12 or more, for bulk shipment, 75¢ per copy). 

Name.. _ 
E-5-44 

Address 

City State 

e 
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The Importance of 

MICA 

for National Defense 

Radio equipment used in tanks 

contains tubes and condensers 

in which Mica insulation plays 

a vital part. 

FOR 
EVERY 
RADIO 

ELECTRICAL 
AND 

ELECTRONIC 
USE 

Joseph J. Long, President 

538 63rd Street, Brooklyn 20, N. Y. 
Established 1917 Telephone: Windsor 9-8300 

CABIDUS 

CHASSIS 

P9nELs 

RACKS 

When 
skill of o high degree be- 

comes habitual, and shows up 
in the smallest detail - that's 

Craftsmanship! 

Having specialized for many years, Par - 
Metal has this habit of Croftsmanship- 
expressed throughout the entire line, 
which ranges from small chassis to 
housings for huge transmitters. 

To get a picture of what Par -Metal 
can do now (and the post-war 

possibilities) write for o 
copy of Catalogue 

No. 41-A. 

12AI2-MI57AJS PRODUCTS CORPORATION 
12.12 -49th ST1EET . . . LONG ISLAND CITY, N. Y. 

Export Dept. 
100 VoricY St., N. Y. C. 

Copper Oxide Rectifiers 
'COPROX" DESIGNATES a group of 
copper oxide rectifiers. They utilize 
gold contacts on the copper oxide 
pellets and have adaptable mount- 
ings. Pre -soldered lead wires (or 
other arrangements) are used to 
prevent overheating during the as- 
sembly of the equipment using these 
rectifiers. Units available include : 

BX-100 which is a center tap, full 
wave rectifier completely enclosed 
in Bakelite. It operates in special 
circuits rated up to 8 Mc. Type 

BX-22.3 is a double bridge rectifier 
with a good temperature and tem- 
perature -current characteristics. 
BX-22.2 is a full -wave rectifier. 
Type BX-22.4 is a double half -wave 
rectifier. BX-22.5 is single half - 
wave rectifier. The manufacturer 
states that conservative ratings 
for these rectifiers show low for- 
ward resistance and high leakage 
resistance. 

Bradley Laboratories, Inc., 82 
Meadow St., New Haven 10, Conn. 

Resistors 
THESE RESISTORS are designated as 
"Meg -O -Max" and are made with a 
minimum of critical mate>ki. 
They are for use in high discharge 
circuits, and may be used at high 
voltages and high ambient temper- 
atures. The resistors are made of a 
series of pressed and sintered ring - 
shaped segments electrically joined 
which make the units non -inductive. 
The units are encased in a hermet- 
ically sealed glass envelope which 
is provided with ferrule terminals. 
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TUNG-SOLTUPES --- 
STAND UP FOR HIM 
...so your use is a cinch 

The enviable record of TUNG-SOL Electronic 
Tubes in military equipment shows the ability of 
these tubes to withstand abuse far beyond ordi- 
nary civilian requirements. This sturdiness is 

the result of many construction features devel- 
éd by TUNG-SOL engineers in their never 

ing cycle of designing and testing. 

-<y A typical TUNG-SOL feature is the method 
!7 

a of anchoring the filament tension spring. It 
practically eliminates the possibility of spring 

ANCHORING THE FILAMENT TENSION SPRING 
AGREATLY ENLARGED) 

.POINT OF WELD, POINT OF WELDyw 

'er-- FILAMENT - -FILAMENT 

TUNG-SOL WAY USUAL WAY 

The common practice was to spot-weld the end of the 
spring to the top of an anchor post. The weld always 
causes crystallization of the spring at the point where 
flexibility was needed. The TUNG-SOL design locates 
the weld back from the fulcrum point so that the 
crystallization is at a point where it cannot impair 
the spring. 

failure, one of the causes of damage to the fila- 
ment. It is the sum of these features that enables 
TUNG-SOL Electronic Tubes to remain efficient 
longer under adverse conditions. 

After the war, manufacturers of electronic 
products will find at TUNG-SOL a wealth of 
engineering and production skill to help them 
make new or better electronic devices. Those 
engaged in war work are invited to bring their 
problems to TUNG-SOL now. 

TUNG SOL 
ELECTRONIC TUBES 

Ir 

TUNG-SOL LAMP WORKS INC., NEWARK 4, NEW JERSEY 
ALSO MANUFACTURERS OF MINIATURE INCANDESCENT LAMPS, ALL -GLASS SEALED BEAM HEADLIGHT LAMPS AND CURRENT INTERMITTORS 
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Physically compact 

High Q 

I Available in stand- 
ard inductances of 
.5 mh, 1.0 mh, 2.5 
mh, 5.0 mh, 10 mh. 

a Inductance tol. ± 3% 

Wella for data skeet. 

Precision manufacturers of all 

types of IF and RF coils, 

chokes, and transformers. 

ESSEX 
ELECTRONICS 
1060 B wo 

The resistors are available in two 
lengths: Type 1 measures 5 i 
inches long and has a range of from 
3600 ohms to 100 megohms; Type 
2 measures 9i3 inches long and has 
a range of from 6800 ohms to 100 
megohms. 

The resistors may also be used as 

high voltage bleeders and as coarse 
meter multipliers for voltage indi- 
cators, or in such applications as 
high -voltage networks, measuring 
equipment, rectifier systems, high - 
voltage dividers, and as broad ac- 
curacy meter multipliers. 

Sprague Specialties Co., Resistor 
Div., North Adams, Mass. 

D -C Motor for Aircraft 
A NEWLY DESIGNED aircraft -type d -c 

series motor is primarily for use 
in airborne equipment. It operates 
(continuous duty) on 13 volts d.c., 
7.4 amps, and delivers full 1/12 hp 
at 7,500 rpm. The motor measures 
41.11 inches in length and 2i inches 
in diameter. It is of ball -bearing 
construction and weighs 3i lbs. The 
diameter shaft extension measures 

inch. The motor has low tempera- 
ture rise and is suitable for opera- 
tion under high ambient temper- 
atures. 

The basic design of the motor 
described above can readily be mod- 
ified to other applications with 
either shunt or series windings for 
a desired voltage, current, and hp 
output. 

Alliance Mfg. Co., Lake Park 
Blvd., Alliance, Ohio. 

TEST INSULATION 
THE MODERN WAY 

...WITH A 
MODEL B-5 

MEGOHMER 
NEW BATTERY -VIBRATOR TYPE 
No more tiresome cranking of a hand -driven 
generator. Entirely self-contained. Steady 
test potential of 500 volts D.C. available 
at the touch of a switch. Direct reading in 

insulation resistance. Various new models 
and ranges. 

Write or phone for Bulletin 430 

HERMAN N. 

27 PARK PLACE 

COMPANY, INC. 

NEW YORK, N. Y. 

Small Stampings-made in steel, 
brass, bronze, other metals and 
alloys, any quantity, lor various 
mechanical applications. Modern 
heat -treating facilities. Spot Weld- 
ing and tapped assemblies. 

Send in your prints For quota. 
titans and inquiries for further 
information on STAMPINGS- 
SPRINGS-WIRE FORMS 

M. D. HUBBARD SPRING CO. 
135 Central Ave. Pontiac 12, Mich. 
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71JIJJ J 212 2Z2, 27 

SOLID 
MAGNET 

...THESE SPECIFICATIONS MEET 
YOUR D -C METER REQUIREMENTS... 

G -M's production facilities can now serve a few additional 
volume users of meters ... and assure deliveries in keeping 
with today's wartime needs Over 100,OOQ meters have 
been supplied for one aircraft application alone ... if the 
specfications below meet your requirements ... and if your 
problem is quick delivery ... write, wire or phone today. 

O General-Designed to conform to "American War Standards 
C39.2-1944" for Electrical Indicating Instruments. 

O Size -21'2", Round, Flush Mounting, Panel Type. 

O Case-Standard case is of moulded bakelite. Available also in metal 
(brass) case. 

O Solid alloy -steel magnet (not laminated). 

Range, D-C-Available from 0-200 micro -amperes to 0-10 amperes, 
or 0-3.0 volt to 0-200 volts, D -C. 

Avail yourself of both our 
engineering and produc- 
tion facilities for quick 
attention and experi- 
enced service. 

GM 

Cr.N1 LABORATORIES INC. 4E69 WAR BONDS & STAMPS 
4313 NORTH KNOX AVENUE, CHICAGO 41. ILLINOIS 
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v PRECISION MACHINES 

CCID 
FSS DUP%.t 321 EIGHTH AVENUE SO. MINNEAPOLIS 15, MINN. 

'MU 

HERE THEY ARE! 

RADIO PARTS 
Cabinets, condensers, chokes and 
scores oflccessories-all "caught 
in the draft." If you are producing 
electrical equipment for war duty 
send prints and specifications. We 
may be able to fit your order into 

our schedules. 

BUD RADIO, I N C. 
CLEVELAND 3, OHIO 

Pilot Light 
PILOT LIGHTS, DESIGNATED AS Sll, 
are available for either panel or 
switchplate mounting and are for 
use with the manufacturer's stand- 
ard S1l lamp bulb, rated at 10 

watts and available in all colors. 
The bulb is recessed into the unit 

from the front of the panel so that 
the tip of the lens, which is exposed, 
assumes the appearance of a lens. 
This recessing provides exterior 
ventilation to the lamp bulb and 
protection against breakage. H. R. 
Kirkland Co., Morristown, N. J. 

Hermetic -Sealing Alloy 
KOVAR IS A PATENTED ALLOY, Con- 

sisting of iron, nickel and cobalt, 
developed by Westinghouse Elec- 
tric & Mfg. Co. It is marketed by 
the Stupakoff Ceramic & Mfg. Co., 
Latrobe, Penna., and is available in 
forms of rod, wire, tube, sheet, or 
in special shapes. 

Kovar-glass seals have been pre- 
viously used in the manufacture of 
electronic tubes to make a vacuum 
pressure tight seal with glass, and 
are now available for other applica- 
tions such as in transformers, re- 
sistors, capacitors, switches, relays, 
heating elements, instruments, com- 
pressors, etc. The seal consists of 
an electrode and a flange with an 
intervening thermal -shock -resis- 
tant sealing glass. The vacuum and 
pressure tightness of the seal is 
made by a heating process which 
results in a chemical bond between 
the glass, the electrode and the 
flange. The glass seals are designed 
to withstand varying degrees of 
pressure, temperature and humid- 
ity. For manufacturers who are 
not equipped with glass working 
equipment and cannot use Kovar in 
unfinished form, Stupakoff can sup- 
ply Kovar sealed terminals and as- 
semblies which are ready for sol- 
dering, welding or brazing. 
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.. AT 50,000 FEET 
AND - 57.4 DEG. F 

kliNK 

To the combat pilot, high up in the inky 

blackness of night, the glowing instru- 

ments are more than a mechanism . . 

they're his security, his strategy and his return 

ticket! These lights must not fail! 

To further this dependability in aircraft lighting 

systems, the N -Y -T Sample Dept. has produced 

the 8 ounce transformer illustrated-lighter in 

weight by 40% than any component of the 

same output previously used. 

Conservative, from the standpoint of elec- 

trical and mechanical characteristics, this N -Y -T 

unit has a temperature rise of only 30 deg. C. 

and permits operation over all ambient from 
minus 65 deg. C. to plus 70 deg. C. Its diversity 

of application is illustrated by the fact that out- 
put voltages and currents may be varied without 
affecting size and weight, if the output is held 
to 30 V.A. 

This is but one of the many custom -engineerings executed by 

N.Y.T. technicians, in hastening Victory through electronics; 

similar transformer products will aid immeasurably in the ful- 

fillment of peace -time advancements. 

NEW YORK 
TRANSFORMER CO. 

26 WAVERLY PLACE 
NEW YORK 3, N. Y. 
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iee 
a IN.RES.CO 

resistors have 
that essential 
designability,, 

* Manufacturers of sensi- 

tive equipment for industrial 
end military needs, have 
found the integrating advan- 

tages of IN -RES -CO resistors 

of particular importance 
where space is limited. These 

exceedingly compact com- 

ponents offer dependability 
under severe atmospheric 
and electrical conditions be- 

cause each must pass a volt- 
age breakdown overload 

test of 100% their rated 

working voltage. Literature 

will be sent promptly on re- 

quest without obligation. 

TYPE RL (at left), i/2 Watt, Non - 
inductive, Standard tolerance 
1/2%, Maximum resistance 500,000 
ohms, Size /i" diam. x /2" high. 

TYPE SL (at right) I Watt, Non - 
inductive, Standard tolerance 
1/2%, Maximum resistance I Meg - 
ohm, Size 1/2" diam. x 15/16" 
high. 

N ES.CO" 

INSTRUMENT 

RESISTORS COMPANY 
25 AMITY ST . LITTLE FALLS, N. J. 

Vacuum -Tube Volt Meter 
THESE VACUUM -TUBE volt meters are 
for use in radio and audio fre- 
quency production and laboratory 
measurements. Features include 
sensitivity, stability, and a built-in 
standard cell for calibration checks. 
The voltage ranges are rated 0.5, 
5, 20 and 200 a.c. Frequency ranges 
are from 2 cps to 150 Mc. Resonant 
frequency is 350 Mc. The instru- 
ment is accurate to 2 percent of the 
full scale on voltage, and 2 percent 
to 150 Mc on frequency. There is 
an automatic zero adjustment on all 

ranges, with readings varying 
from 1 percent with 10 percent line 
voltage fluctuation. The model il- 
lustrated (No. 201) has a built-in 
probe, and a rated input capacity 
of 10 µµf. It is priced at $125. 
Model 200 has the same characteris- 
tics as Model 201 except that it has 
a separate probe and sells for $135. 
Its rated input capacity is 5µµf. 

Televiso Products, Inc., 6533 N. 
Olmstead, Chicago 31, Ill. 

Pre -Insulated Solderless 
Terminals 
PRE -INSULATED terminals designed 
to eliminate the need for buying, 
stocking and applying insulating 
sleeving to crimped terminals are 
available on a mass production 
scale. The insulation is perma- 
nently bonded to the copper of the 
terminal so that it cannot be acci- 
dentally removed. One operation is 
required to use these terminals, and 
that is to crimp the terminal on the 
wire with available precision instal- 
lation dies. The pre -insulation takes 
the exact contour of the crimp with- 
out distortion, cracking or drying 
out in use. Identification of termi- 
nals and matching dies is achieved 

Q t 
ana PA 

,Ne p 1.o1s 

Platinum metals scrap and 
residues refined and re- 
worked on toll charges; or 
purchased outright by us ... 

Write for list of Products. 

Discussion of technical 
problems invited . . . . 

SIGMUND COHN & CO. 
44 GOLD ST. A NEW YORK 

SINCE 414.1 1901 

UNUSUAL OPPORTUNITY 
FOR 

Electro Mechanical Engineers 

... Production Men 

Medium-sized, progressive organiza- 
tion in Eastern area has openings with 
above -average opportunity for several 
Electro Mechanical Engineers skilled 
in high precision work and several 
Production Men experienced in setting 
up and supervising production lines. 

Generous starting salaries will be paid 
and the men selected will occupy key 
positions working with company's small 
group of congenial executives. 
The company is at present concentrat- 
ing on the manufacture of a highly 
essential electronic device for the 
armed forces which has big, postwar 
future as have several other products 
now being developed for afterwar 
markets. 
Men joining this company now who 
make good will have permanent, im- 
portant place in this company's assured 
progress. If interested, write full par- 
ticulars about yourself to Charles W. 
Hoyt Company, Inc., 551 Fifth Ave., 
New York City. All correspondence 
will be kept strictly confidential. 
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11E NEW SCIENCE 

OF SMOOTHNESS 

Not many years ago engineers took 
vibration for granted. They designed 
their metal parts carefully and ma- 
chined them accurately. They lubri- 
cated them properly. Beyond that, 
what could they do? 

Then a discovery was made. It was 
a simple discovery but one that has 
changed the whole course of machine 
design. A United States Rubber Com- 
pany scientist found that rubber could 
be engineered just as you engineer 
steel. Its physical properties could be 
measured exactly. It could be engi- 
neered into the machine at blueprint 
stage just like any other part. 

And when rubber was placed at 
exactly the right spots, vibration was 
cut to the vanishing point and engine 
and manpower efficiency was in- 
creased. 

That discovery was the beginning of 

a new conception of machine design. 
During the war years it has moved 
ahead at lightning speed. 

Today electronics depends on it. 
Engines could not be operated effi- 

Serving Through Science 

ciently without it. Ships, airplanes, 
industrial machines, trains; 'stfreetears 
have reached new levels of develop- 
ment because of the rubber springs we 

call rubber mountings. 
From the first discovery till today, 

our engineers in the field and in the 
laboratory have studied the problem 
of vibration damping. In coopera- 
tion with the Army and the Navy and 
with industrial design engineers, they 
have worked on countless vibration 
problems of nearly every kind. 

When you are designing equipment 
for war production and for post-war 
production-remember that vibration 
is a waster. Smoothness spells effi- 

ciency, economy and speed. Rubber 
mountings can give you smoothness. 

United States Rubber Company 
engineers, trained to the job, are 
serving through science to conquer 
vibration, to speed our fighting forces. 
They are planning with industry for 
smoother, speedier production-today 
and tomorrow. 

UNITED STATES RUDRER COMPANY 
1230 Sixth Avenue, Rockefeller Center, New York 20, N. Y. In Canada: Dominion Rubber Co., Ltd. 

Listen to the Philharmonic -Symphony program over the CBS network Sunday afternoon, 3:00 to 
4:30 E.W.T. Carl Van Doren and a guest star present an interlude of historical significance. 
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USE 
Pat'd 
and 
Pat's 
Pend. 

where 
plain 
set 

screws 
won't 
hold 
tight 

UNBRAK0 
Reg. U. S. Pat. Off. 

SELF-LOCKING HOLLOW SET SCREWS 

with the KNURLED points 
Don't risk machine breakdowns and production de- 

lays that can result when ordinary set screws work 

loose. Take this simple precaution. Replace plain 

type screws in all those doubtful places with 

KNURLED pointed "Unbrako" Self -Lockers. Once 

they are tightened as usual the knurled points dig 

in and keep them in place in spite of any vibration. 

You can safely forget them but they can be easily 

removed and used over and over. Get our catalog 

for details. Sizes No. 4 to I1/2" diameter. Full 

range of lengths. 

OVER 40 YEARS IN BUSINESS 
Knurling of socket 
screws originated } i ated 
with "Unbrako' 
y s .ego. 

STANDARD PRESSED STEEL CO. 
JENKINTOWN, PENNA. BOX 596 

-BRANCHES- 
BOSTON DETROIT INDIANAPOLIS CHICAGO ST. LOUIS SAN FRANCISCO 

FINISHED ELECTRODES FOR CRYSTALS 

Size and types made to your specification with 

air gap tolerance held within 5 microns 

(Established 1926) 

HEYMAN MANUFACTURING COMPANY 
(Electronic Div. Ej, KENILWORTH, N..1. 

by the use of markings which are 
available in two sizes : red is used 
for terminals and dies for wire 
sizes 22 to 18, and blue is for wire 
sizes 16 to 14. 

Bulletin 29 describes these ter- 
minals available from Aircraft - 
Marine Products Inc., 1521 North 
4th St., Harrisburgh, Pa. 

Coating 
INSL-X COATING provides a tough, 
hard coating impervious to mois- 
ture, acids or alkalis. It will not 
chip or crack and may be used with 
a minimum of labor on stator field - 
coils on electric motors. It is un- 
necessary to tape the coils after 
winding. All that is necessary is to 
secure the corners tightly since the 
coating tends to contract when dry- 
ing and in this way provides a 
sealing coat that holds the wire as 
in a vise, and prevents vibration 
or shifting. The manufacturer 
recommends Insl-x No. 33 for pre - 
shaped coils and No. 11-6 (a more 
flexible material) for coils where 
shaping is done after insulation. 

Insl-X Co., 857 Meeker Ave., 
Brooklyn, N. Y. 

AC -DC Power Supply 
Systems 
TYPE 1097 engine driven ac -dc gen- 
erator provides 200 amps at 28.5 
volts d.e. and 10.4 amps at 115 volts 
a.c. at speeds from 4400 to 8000 
rpm. The system consists of an en- 
gine driven generator and a car- 
bon pile voltage regulator. Both 

a -c and d -c outputs are available 
simultaneously over the entire 
rated speed range. The generator 
is designed to mount on the main 
engine generator of aircraft. 

Eclipse -Pioneer Div., Bendix Avi- 
ation Corp., Teterboro, N. J. 
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The NC-100XA has gone to war. Under the pres- 
sure of the emergency following Pearl Harbor, many 
stock receivers of the NC -100 series went into action, 
and served brilliantly. Since then growing experi- 
ence has led to a long series of minor changes and 
improvements, culminating in the superb receiver 
shown in the photograph above. We cannot show 
what is inside the cabinet until after the war, 
but a glance at the front panel will make any ama- 
teur recognize an old friend. It is stripped for action 
and in battle dress, but it is still the old reliable 
NC-100XA. And like its amateur prototype, this new 
Navy model is winning an impressive reputation for 
brilliant performance and absolute reliability. 

NATIONAL COMPANY, INC., MALDEN, MASS. 
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MULTI -POLE 
SMALL and POWERFUL 

The Sensitive G -M Type 27 relay answers many problems requiring small, 
multi -pole relays in electronic circuits. Its small size, rugged construc- 
tion, extreme efficiency and high contact capacity make it ideal for uses 
on aircraft and mobile equipment where vibration is encountered. De- 
signed for permanence of adjustment. Temperature; humidity; elevation; 
salt spray test; to usual aircraft specifications. Two actual examples of 
type 27 characteristics are: 
1. Type 27, specification 12700, single pole single throw relay-contact pressure 50 

grams minimum; acceleration 10g.; coil power 90 milliwatts at 25° C. ambient; 
contact gap .010 inch; weight 51/4 ounces. 

2. Type 27, specification 12746, three pole relay with two double throw contacts and 
one single pole normally open contact-contact pressure, 30 grams minimum: 
acceleration, 10g.; pick-up 3.75 milliamperes maximum with 10,550 ohm coil (148 
milliwatts); contact gap .010 inch; weight 51/2 ounces. 

Comparable relays with a variety of contact forms and coil resistances can be supplied. 
We invite your inquiries. 

G -`I LAI«)ILAToRIES INC. '69 WAR BONDS & STAMPS 

4313 NORTH KNOX AVE., CHICAGO 41, ILL. 

For the Best in Mechanical, Electrical, 
Thermal, and Chemical Protection- 

Almost any kind of 
varnish will probably 
work - for a while. 
But, for the best service 
from your equipment, 
you need a varnish formulated 
to EXACTLY fit the operating con- 

ditions of your product. There's a 

Pedigree electrical insulating var- 
nish that will give you longer, 
more dependable service in the 

field at lower cost. 

Write today for the free Pedi- 

gree varnish catalog - or sub- 
mit your problem 
to a Pedigree 
varnish specialist. 

Select the 

VARNISH 
Ideally Suited 
to Your Job. 

7 e P. D. GEORGE CO. 
5200 N. SECOND ST., ST. LOUIS, MO. 

Call In the Pedigree Varnish Man Nearest You. 

Insulation Tester 
MODEL C-2 "MEGOHMER" utilizes a 
new spillproof, lightweight storage 
battery as a power supply for the 
500 volts d -c test potential used in 
making insulation resistance meas- 
urements. A special vibrator trans- 
former circuit is built into the in- 
strument to step up the low voltage 
to a steady test potential. A wet 
cell battery instead of dry cells is 
used so that the battery can be 
readily replenished by recharging, 
and for this purpose, a special 
charging circuit is also built into 
the instrument to make it feasible 
to charge the battery either from 
a.c. or d.c. The tester reads di- 
rectly in megohms or ohms, has a 
wide coverage and is easy to read 
and operate. There is a guard cir- 
cuit to prevent errors through sur- 
face leakage. Bulletin No. 445 illus- 
trates and describes more thor- 
oughly this unit available from 
Herman H. Sticht Co., Inc., 27 
Park Place, New York, N. Y. 

Regulated Power Supply 
MODEL 44 of this series of regulated 
power supplies was described in 
April ELECTRONICS. Model 42-A is 
now also available. It delivers 1.0 
to 1.5 volts, d.c., at 500 milliamps. 
This unit is suitable as a filament 
supply in production -testing of 
equipment using battery -type tubes. 
The hum content is rated at less 
than 2 millivolts. 

A third model (no model number 
has been announced) soon to be 
available is designed to deliver 45 
volts at 40 milliamps. This regu- 
lated supply will have approxi- 
mately the same size and weight as 
a standard "B" battery. 

Radio -Television Institute Inc., 
480 Lexington Ave., New York 17, 
N. Y. 

Insulating Replacement 
of Fibre and Rubber 
SPUN ACETATE GROMMETS are avail- 
able for use in aircraft, hydraulic 
controls, small motors, and other 
applications where small grommets 
are used. The grommets are made 
of acetate film which is spirally 
wound and laminated for strength. 
They have high insulating prop- 
erties and are very tough. They 

328 May 1944 - ELECTRONICS 



They wanted 

A METAL THAT DIDN'T EXIST 

A new metal was needed for wire .. . 

with a combination of properties not 
found in nature. 

It had to have high heat and elec- 
tric conductivity plus strength and 
resistance to oxidation at high tem- 
peratures. 

Copper had the required conduc- 
tivity but it couldn't stand the heat. 

Nickel had the high -temperature 
strength and corrosion resistance but 
its conductivity was too low. 

The answer was an ingenious com- 
bination, "Kulgrid", devised by Cal - 
lite Tungsten Corp., Union City, N. J. 
It consists of a copper core, over 
which is firmly bonded a sleeve of 
strong, corrosion -resistant Nickel. 

The result is a conductor with 70% 

THE INTERNATIONAL NICKEL COMPANY, 

of copper's conductivity ... 100% of 
Nickel's resistance to oxidation and 
corrosion. It can stand up under high 
temperatures, fatigue, embrittling 
conditions, and stresses four times 
greater than copper without breaking. 

One of the INco Nickel Alloys may 
be the answer to your metal problem. 
Tough, strong and corrosion -resistant 
as a family ... and with individual 
specialized properties ... they are 
available in practically any shapes 
and sizes that may be wanted down to 

wire, 1/3 the thickness of human hair 
tubing, finer than a mosquito's stinger 
strip, 1/3 the thickness of this paper 

"TremendousTrifles,"a bookletwhich 
discusses the INCO Nickel Alloys in 
detail will be sent to you on request. 

INC., 67 WALL STREET, NEW YORK 5, N. Y. 

FIRST STEP IN MAKING "KULGRID" bi -metal wire is insertion of copper rod 
into Pure Nickel tube. The two -in -one wire has 70% of the conductivity of cop- 
per ... is strong and corrosion -resistant, even at high temperatures. 

THE CYLINDER is a section 
of bi -metal rod... copper core 
and nickel jacket. It is cold - 
drawn by Callite Tungsten 
Corp., to the .006" fineness of 
the flexible stranded wire il- 
lustrated. 

MONEL "K" MONEL "S" MONEL "R" MONEL 

"KR" MONEL INCONEL NICKEL "Z" NICKEL 

Sheet...Strip...Rod...Tubing...Wire- -Castings 
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A NEW SERIES OF 

NEON PILOT LIGHTS 
(INCORPORATING G E OR WESTINGHOUSE NEON LAMPS) 

We manufacture a complete line of Pilot 
Light Assemblies for every possible use in 

Aircraft, Marine, Radio, Electronic and 
Electrical apparatus. Send sketch for 
prompt estimates and suggestions. 

ASSEMBLIES 
COMPLETE WITH 

LAMPS 
We can supply any 
G.E. or Westinghouse 
Lamp together with 
the required Pilot 
Assembly, thus sav- 
ing time in your pro- 
duction schedule .. . 

Write for samples. 

Illustrated: IA) Neon 
Pilot Light with full - 
view plastic head. (B) 

Neon Pilot Light with 
dome lens. Lamps re- 
movable from front 
of panel. 

SIGNAL INDIÇATOR, 
894 BROADWAY.... NEW YORK 3, N. Y. 

Telephone: ALgonquin 4-4770 

E -Z CODE SYSTEM MARKS EACH AND EVERY WIRE QUICKLY 

AND EASILY - FOR ASSEMBLIES, MAINTENANCE AND REPAIRS 

SIMPLE AS A.B.C. 
THERE is an E -Z Code Wire Marker for 
every circuit. The E -Z Code system 

speeds production, saves man hours, re- 

duces costs. Of flexible, durable, water- 
proof material. Ready to apply - no 

moistening necessary. In standard code 

or "tailor made" in special symbols 

and/or colors for specific requirements. 

Used by the biggest names in the elec- 

trical world. Send for samples and price 
list. Give priority, MRO, war contract 
number, End -Use and whether for as- 

seinbly or maintenance. 

WESTERN LITHOGRAPH COMPANY 
600 E SECOND STREET - LOS ANGELES 54, CALIFORNIA 

EASTERN SALES OFFICES. 

Bayside, L.I., N.Y. C h icogo, lll. Kansas Ciry, Mo. Ma,ian, O. 

E-Iaele WIRE MARKERS 
QUICK - EASY TO 'APPLY AND READ 

are light in weight, and are resis- 
tant to oil, moisture and climatic 
conditions. 

Available, to specification, in all 
wall lengths and diameters and 
suitable wall thicknesses from Pre- 
cision Paper Tube Co., 2035 W. 
Charleston St., Chicago 47, Ill. 

Metal Coatings for Steatite 
Insulator Surfaces 
THESE METAL COATINGS are com- 
posed of a layer of silver and an 
electro -copper plate. To give a 
strong and permanent bond be- 
tween the steatite and the metal, 
the silver is fixed at a high temper- 
ature to the surface of the steatite, 
and the electro copper plate is put 
on top of the silver to increase the 
thickness of the metallic plate. This 
combination provides a means for 
solder -sealing parts (over limited 
temperature ranges) to ceramic. 
The metallic surface also provides 
a convenient method of adding 
shields to reduce corona effect in 
high frequency circuits used at 
high altitudes. 

General Ceramics & Steatite 
Corp., Keasbey, N. J. 

Conductive Coatings 
A NEW CERAMIC TYPE composition 
produces electrically conductive 
coatings that may be applied to a 
variety of non-conductors such as 
glass, plastics, porcelain, soapstone, 
wood, cloth and paper. The coating 
is applied to non -conducting base 
materials by either spraying, dip- 
ping or brushing. It is then either 
air dried or baked. The ceramic con- 
tains silver powder and produces a 
surface of low electrical resistance 
and high conductivity. Aging, or 
exposure to sulfides has slight effect 
upon the conductivity of the coat- 
ing. 

A number of coating materials 
have been formulated. The differ - 
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\IVERSAL 
BRIDGE 

* WIDE RANGE 

* I/Z% ACCURACY 

* 6 BRIDGES IN ONE 

* MEASURES INDUCTANCE 

WITH SUPERIMPOSED DC 

Model 
1010 

One of several instruments designed to meet the requirements of our military development program - now made available for general sale: 

The Universal Bridge permits measurement of: 

RESISTANCE- Range: 10-4 to tolo ohms. 
Accuracy: 1 ohm to 1 megohm, within 1/2%, 

below 1 ohm and from 1 megohm to 100 megohms within 1% 
above 100 megohms the error increases to 5%. 

CAPACITANCE - Range: 10-6. to 100 microfarads. 
Accuracy: 100 ltltf to 1 14f within 1/2%, 

other ranges, within 2%. 

INDUCTANCE- With no D. C. flowing 
Range: 10-6 to 100 henrys 

Accuracy: 100 µh to 1h, within 1%. 
other ranges, within 2%. 

With superimposed D. C. 
Range: .1 to 100 henrys 

Accuracy: Within 2% 

FEATURES - Inductance of iron cored chokes and transformers can be measured with up to 500 m. a. of D. C. flowing. 

Facilities for measurement of frequency, Q and power factor are included in the Bridge. 

The bridge contains a 1 megohm resistance decade in steps of one ohm - this is brought out to terminals so 
that it can be used externally. 

Complete and self-contained unit ... in addition, provision has been made to plug in external facilities such 
as outside standards, oscillators, null indicators, etc., to extend the usefulness of the bridge. 

Your inquiry will receive prompt attention, as will inquiries concerning the application of our engineering facilities to the solution of your 
industrial control, inspection or instrumentation problems. 

INDUSTRIAL PHYSICS-INST T DEVELOPMENT WIERIMPF 

899 BOYLSTON STREET, BOSTON 15, MASS. 

ELECTRONICS-May 1944 



This instrument was originally developed for 
our own use in testing the Relays which we 
manufacture. We are now making it availobie 
to other manufacturers who ore likewise desir- 
ous of making their products immune to the 
effects of vibration. 

NO. 1 OF A SERIES 

NEW, SIMPLE 

POWER FORK 

for VIBRATION 
TEST 

Simple harmonic motion with variable 
amplitude. Variable frequency from 

20 to 70 C.P.S. Vibration testing can be made in any 
direction through 360°. Capacity up to 5 lbs. Vi- 
bration acceleration is provided to 30 G. plus. Only 75 
watts are required for maximum test conditions. Can 
be mounted on any bench without transmitting extraneous 
vibration. Variable frequency direction provided. No 
moving cranks, gears, or bearings in the vibration system. 

35-18 37th STREET LONG ISLAND CITY I, N. Y. 

11 E S 
BAKELITE SHEETS, RODS, TUBES 

FABRICATED PARTS 

Twenty Years of Experience 

ELECTRICAL INSULATION CO.,INC. 
12 VESTRY ST., NEW YORK 13, N. Y. 

entes depend upon the require- 
ments, the base material to be 
coated and the desired degree of 
adherence and film toughness.. 

Briefly, they include a conductive - 
coated cloth and a flexible conduc- 
tive film. Of these, Nos. 4132, 4489, 
4503 and 4530 are in commercial 
production. There is also a thermo- 
plastic conductive cement which is 
available by special arrangement. 

Working samples of all these ma- 
terials for evaluation purposes can 
be obtained from Ceramic Products 
Div., Electrochemicals Dept., E. I. 

du Pont de Nemours & Co., Wil- 
mington 98, Del. 

Coiled Cords 
ELECTRICAL EQUIPMENT manufac- 
turers may be interested in a re- 
tractable electrical cord which can 
be stretched to approximately seven 
times its original length. It is avail- 
able in a variety of lengths from a 

newly formed company known as 
Cordage, Inc., an affiliate of Kel- 
logg Switchboard & Supply Co., 

6650 S. Cicero Ave., Chicago, Ill. 
The name of this coiled cord is Kel- 

logg Koiled Kord." 

Literature 
Parts for Radio and Aircraft In- 
struments. D -c and r -f (2i inch) 
voltmeters and ammeters are de- 
scribed and illustrated in a new 
type of parts publications. Nos. 
GEG-3750 through GEG-3754 cover 
instruments for radio and other 
communications equipment and 
Nos. GEG-3755 through GEG-3758 
cover instruments for aircraft. To 
facilitate identification, the parts 
are illustrated in such manner as 
to show their proper relation to 
each other in an assembled instru- 
ment. General Electric Co., Sche- 
nectady, N. Y. 
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Directory of Commercial Labora- 
tories. This directory consists of 
42 pages and is a guide to the lead- 
ing independent, testing, research 
and inspection laboratories of 
America. It gives the scope of ac- 
tivities of these laboratories and 
the advantages to be derived from 
utilizing their services in the solu- 
tion of scientific, engineering, test- 
ing and inspection problems. It 
was prepared by American Council 
of Commercial Laboratories and 
copies may be obtained from the 
Executive Secretary, A. J. Nydick, 
63 Wall St., New York 5, N. Y. 

D -C Motors. Direct -current motors 
ranging in sizes from 1/6 to 300 hp 
are illustrated and described in a 
12 -page bulletin, Form 3421. Cen- 
tury Electric Co., 1806 Pine St., 
St. Louis 3, Mo. 

Fasteners. Volume 1, No. 1, of a 
publication called "Fasteners" is a 
new publication of American In- 
stitute of Bolt, Nut, and Rivet 
Manufacturers (1550 Hanna Bldg., 
Cleveland 15, Ohio) :which func- 
tions as a clearing house for tech- 
nical problems in connection with 
the application and use dl headed 
and threaded products. Some of 
the articles contained in this first 
issue include "The Rolled Screw 
Thread Process" by G. S. Case, The 
Lamson and Sessions Co.; "Cold 
Driving of Large Rivets" by W. E. 
Fowler, Jr., Riveting Apparatus, 
Inc.; "How Tight Should a Bolt 
Be?" by J. O. Almen, Research 
Labs. Div., General Motors Co. 

Soldering Torches. Cat. 152 
Schmidt soldering torch is an in- 
ternally gas fired soldering torch 
for making electrical connections 
and is described in bulletin 13A-152 
along with three other torch units 
available from National Electric 
Coil Co., Columbus, Ohio and Blue- 
field, W. Va. 

Thermostatic Bi -Metal. Bulletin 
No. 155 gives technical data on 
Calliflex Bi -Metal, of various types 
available in either strip or coils or 
in special shapes. This is a mate- 
rial for use as the responsive ele- 
ment in automatic temperature con- 
trol. Callite Tungsten Corp., 540 
39th St., Union City, N. J. 

"WATER BUFFALO" 
JOINS THE "FLEET"! 
Packing the tremendous fire power of a 
37 -mm cannon and two .50 caliber ma- 
chine guns this new LVT (A)-1 Amphib- 
ious Tank has already played a contrib- 
uting role in successful invasions. 

Agile on land and in water, this hard- 
hitting tank and all of its equipment, 
must be designed and constructed to meet 
unusual conditions-do a twc-fold job. 

Here hermetically sealed transformers are 
a must on all communications equipment. 

Official U.S. Novy 
Photograph 

CHICAGO TRANSFORMER 
DIVISION OF ESSEX WIRE CORPORATION 

3501 WEST ADDISON STREET 

CHICAGO, 18 
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HE'S COMING HOME TO 

V a 5 
BETTER THAN EVER 

II I YEsl u I 

For eleven years, R.M.E. engineers 

have been building the finest equip- 
ment at the lowest possible cost. 

Now, they have stepped forward 

in designing even better perform- 
ing apparatus than was available 
before the war. It will be ready for 

you when peace comes again. 
Stand by for new, better, higher 
quality radio equipment in "post- 
war" R.M.E. 

"R.M.E.-Since 1933" 

HE* 
fc * (fi « 

r. 
-i:$-* rÉ ̀. 

FINE COMMUNICATIONS EQUIPMENT 

RADIO MFG. ENGINEERS, INC. 

e,.f(i U. S. A. 

Plastics Catalogs. Three manufac- 
turers have published data on plas- 
tics, and they are as follows: 

1. ;Facts About Plastics", a 24- 

paAooklet designed primarily for 
non -technical personnel interested 
in obtaining a general knowledge 
of plastics and their applications 
(and limitations) for present and 
post-war uses. Properties related 
to "Insurok" and other plastics are 
discussed. Two main groupings of 
plastics, "Thermosetting" and 
"Thermoplastic", are described and 
illustrated. The Richardson Co., 
Dept. 100, Melrose Park, Ill. 

2. "Hopp Plastics Today and To- 
morrow" briefly describes sheet 
fabrication, printing, lamination, 
die making, injection and extrusion 
molding done by this company of 
such plastics as Lumarith, Vinylite 
and Ethyl Cellulose. Detailed char- 
acteristics (physical, thermal, elec- 
trical and chemical) are given. The 
Hopp Press Inc., 460 West 34th St., 
New York 1, N. Y. 

3. "Facts About Plastic Tubing" 
is a new illustrated catalog on this 
manufacturer's fibronized extruded 
plastic tubing. It contains a num- 
ber of product data sheets describ- 
ing the characteristics and applica- 
tions of numerous products includ- 
ing Iry-O-Lite types XTE-30, 
XTE-130 and Ivi -Flex extruded 
tubing, Transflex transparent tub- 
ing, and Hyflex tubing, as well as 
the manufacturer's plastic marker 
insulators. Irvington Varnish & 

Insulator Co., Irvington, N. J. 

Frequency Measurements. The 
purpose of this particular article 
"H.F Frequency Measurements" 
(Part I), as contained in the April 
issue of The Aerovox Research 
Worker is to review, from an aca- 
demic standpoint, the several meth- 
ods of frequency measurement es- 
pecially applicable to the region be- 
tween 30 Mc and 30,000 Mc, to 
explain how the utility of existing 
lower - frequency standard - signal 
equipment may be extended to per- 
mit extremely high frequency meas- 
urements, and to describe several 
special systems and devices which 
are specifically for use in the region 
30-30,000 Mc. Issues of the Re- 
search Worker are published by the 
Engineering Department of Aero- 
vox Corp., New Bedford, Mass. 

WAR -ORDER 
NEEDS 

Your priority orders for 
radio -electronic materials 
get whirlwind action here 
because: 

Dalis always has on hand 
exceptionally large and 
complete stocks. Most or- 
ders are filled immediately 
from stock. 

Since 1925, Dalis has spe- 
cialized in the distribution 
of radio materials. Long-es- 
tablished factory correc- 
tions assure deliveries of 
needed items in quickest 
possible time. 

Dalis has it - or Dalis can 
get it. If you're in a ter- 
rific rush for those priority 
needs, just 

'Phone, wire 
or write .. . 

D;sfributors of 

RADIO & ELECTRONIC SUPPLIES 

17 Union Square, New York, 3, N.Y. 

P% ,:-s- .iLç,r¡uin 4-íl12 3-4'- ' 7 
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Coil Winding Tapes. "Kappa" cel- 
lulose, acetate rayon coil winding 
tapes are featured in an 8 -page 
booklet which gives electrical and 
physical test data, specifications, 
packaging, prices and samples. Wm. 
E. Wright & Sons Co., West War- 
ren, Mass. 

Solderless Wiring Devices. Cata- 
log SD -1 is a nicely edited and il- 
lustrated catalog (printed on coated 
stock) on AMP products such as 
solderless insulation support ter- 
minals, standard and flag type ter- 
minals, connectors, lighting con- 
tacts, cable lugs, wiring plugs, 
standard and quick disconnect 
bonding jumpers, splicing termin- 
als and grid clips. Hand tools, and 
installation presses are described 
and illustrated, and complete work- 
ing instructions for setting up 
crimping dies are included. Data, 
specification and dimensional 
charts, and Army, Navy and com- 
mercial wire sizes are given for 
each item listed. A section is also 
devoted to wire reference data. 
This reference manual is a 72 -page 
sectionalized catalog. Aircraft - 
Marine Products, Inc., 1591B North 
4th St., Harrisburgh, Pa. 

Tube Substitution Directory. A 
comprehensive tube substitution 
directory, contains 16 pages of more 
than 2,000 suggested tube substi- 
tutes for civilian radio receivers. 
Commercial Engineering Section 
P.adio Corp. of America, Harrison, 
N. J. 

Centrifugal Blower Units. Many 
different blower units which may 
be used to cool tubes are described 
in engineering data sheets. Also 
available is literature describing 
the motors used to power the 
blower units. The blower units 
mentioned include Model J50 and 
Model J51 centrifugal types; J52 
variable frequency centrifugal; 
J53 28 volt, d -c unit; Models J54, 
J55, J56 midget centrifugal J57, 
115 volt, 60 cps ; J58, 115 volt, 400 
cps ; and J59 a 28 volt, d -c unit. 
Literature is also available on 
Model L -R, No. 2, blower rated 115 
volts, 400 cps ; as well as Model 
J49 rated 115 volts, 60 cps. East- 
ern Air Devices, Inc., 585 Dean St., 
Brooklyn 17, N. Y. 

DIAL(O 
624«, moduced c1/49.4 2.44, 

PILOT LIGHT 

ASSEBLIE$ 
COMPLETELY ASSEMBLED WITH 

G. E. or WESTINGHOUSE LAMPS 

The new Dialco plant is geared for 
redoubled production of high quality 
Pilot Light Assemblies, Warning and 
Signal Lights, and Panel Lights for 
every purpose. 

Comprising over 300 types of units, 
the Dialco line covers all applications 
in Aircraft, Marine, Electronic, Elec- 
trical, and Industrial Apparatus. 

Plus LAMPS... 
ìr To help speed production, Dialco offers 

Pilot Lights completely assembled with 
6 G.E. or Westinghouse Lamps-any type or 

voltage. Samples submitted on request. 

For guidance, we offer a copy of our 24 
page Catalogue, plus new Supplements 

. For the immediate solution of special 
problems, send or wire specifications. 
Your inquiry will receive a prompt, 
complete reply. 

DIAL LIGHT [O. 
900 BROADWAY NEW YORK 3, N. Y. 

Telephone: ALGONQUIN 4-5180-1-2-3 
Telegraph Address: D.al Ligh' WLX New s'ork. 
Direct Western Union Teleprinter on pre rises. 
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G. A.W. Carbonyl 
Iron Powders 

Extensive research and manufacturing 
development has been put back of the 
various G. A. W. Carbonyl Iron Powders 
-used by leading core manufacturers. 
Powders with different characteristics 
are available for specific radio -elec- 
tronic applications. 

Write for samples and 
further information. 

GENERAL ANILINE WORKS 
A division of 

General Aniline and Film Corporation 
435 Hudson St., New York, N. Y. 

Manufacturers and Sole Distributors 

DO YOU NEED 
Small Stampings 

Special Terminals 

Soldering Lugs 

Precision Washers 
up to 58n O. D. 

Manufactured to Your Specifications 

Large Tool Room Facilities 
plus 20 Years Experience insure 

HIGH GRADE STAMPINGS 
QUICK DELIVERIES 

on Medium and Large Quantities 

Let Us Quote on Your Requirements 

DIEBEL DIE & MFG. CO. 
3658 N. Lincoln Ave., Chicago 13, Ill. Phone WELlington 4202 

Airport Traffic Control. A booklet 
called "Highways of the Air" is a 
non -technical piece of literature 
with diagrams and illustrations. 
It tells about radio's contribution 
to the safety of human life in air 
transport, and it outlines the func- 
tion of the manufacturer's equip- 
ment (radio ranges and markers). 
The booklet tells what a "beam" 
is, how it is generated, and how it 
is sent to the pilot for his guid- 
ance. Also discussed are the air 
traffic control systems of La- 
Guardia Airport, the National Air- 
port, and other air terminals. 
Radio Receptor Co. Inc., 251 West 
19th St., New York 11, N. Y. 

Aluminum Notebook. Twelve eco- 
nomic advantages of aluminum are 
profusely illustrated and described 
in a booklet called "Aluminum 
Imagineering Notebook." The 
twelve advantages mentioned in- 
clude: light weight; high resis- 
tance to corrosion; high electrical 
conductivity; high conductivity 
for heat; high reflectivity for 
light and radiant heat; workabil- 
ity ; non -toxicity; strength in al- 
loys ; non -sparking; non-magnetic ; 

appearance and high scrap and re- 
use value. Aluminum Company of 
America, Pittsburgh, Pa. 

Hard Rubber Products. A 4 -page 
folder designated as Catalog Sec- 
tion 9405 gives fairly complete data 
on the use of hard rubber parts 
which may be used in radio, electri- 
cal and X-ray equipment. Sections 
are devoted to the qualities, types 
of products, and suggestions for 
machining these hard rubber prod- 
ucts. Standard grades (B. F. Good- 
rich, Defiance, Albonite) and spe- 
cial grades are described. Also 
listed are the important properties 
of these three standard grades. The 
folder also contains the approxi- 
mate weights of sheet, rod or tub- 
ing. The B. F. Goodrich Co., Akron, 
Ohio. 

Postwar Jobs In Electronics. Stu- 
dents, teachers, counselors and 
others may be interested in a six - 
page folder on "Occupations in 
Electronics", one of a new series of 
leaflets describing opportunities in 
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fields which may be expected to ex- 
pand when the war ends. Each 
leaflet covers the nature of the 
work, abilities and training re- 
quired, methods of entrance and ad- 
vancement, geographical distribu- 
tion of employment, postwar pros- 
pects, and other advantages and 
disadvantages. The booklet is by 
John E. Crawford of The Radio 
Corporation of America and For- 
rest H. Kirkpatrick of Bethany 
College. It is distributed by Occu- 
pational Index, Inc., New York 
University, Washington Square, 
New York 3, N. Y. for a remittance 
of 25 cents. 

Mercurial Thermostats. Bulletin 
No. 344 contains specifications 
(and illustrations) for tempera- 
ture controls used for checking 
electrical characteristics of com- 
pleted test equipment. Bender Sci- 
entific Glass, Inc., 2529 North 
Carlisle St., Philadelphia 32, Pa. 

Check -Chart. The chart illustrates 
Decal nameplates and describes ap- 
plication methods, types and uses, as 
well as special features (such as re- 
tention and shut-off fluorescent, 
non -specular, mar -proof and elas- 
ticized nameplates). It shows how 
to select and specify the right name 
plate for 16 different types of sur- 
faces. A check-list is given of 25 
wartime uses for name plates now 
used on different types of combat 
equipment. Copies of "Decal Check - 
Chart" may be had from The Mey- 
ercord Co., Dept.1 RT, 5323 W. Lake 
St., Chicago 44, III. 

Development and Uses of Dry Bat- 
teries. This 48 -page booklet is 
titled "The Inside Story of Dry 
Batteries: A Guide for Students" 
and is intended to give the reader 
the background of dry batteries 
from the time of Alessandro 
Volta's discovery of the electro- 
chemical principle, in 1798, to the 
units of today. The booklet is used 
by government training centers, 
as well as other educational insti- 
tutions, and since issues are lim- 
ited only one copy can be sent to 
each applicant. National Carbon 
Co., 30 East 42nd St., New York 
17, N. Y. 

WILEY BOOKS IN 

COMMUNICATIONS -ELECTRONICS 
"tutu, 

Post-war plans in your field are being made now. Now is the time, then, to 
step up your knowledge. Be ready for new duties. Look over the important 
titles listed below. Make your selection and order from the coupon today. 

HOW TO PASS RADIO LICENSE 
EXAMINATIONS 

By Charles E. Drew 
320 Pages $3.00 

Newly revised and brought up to date, this well-known book, in question -and -answer form, offers much helpful material to amateur radio operators, radiotelephone and telegraph operators, whether interested in broadcasting, marine, aero- nautical, or any other field of radio transmission and reception. Second Edition. 

RADIO RECEIVER DESIGN-I 
435 Pages 

By K. R. Shirley 
$4.50 

Communications engineers will want to own this book, which covers radio frequency amplifi- cation and detection. A detailed study, stage 
by stage, beginning with the aerial and going as far as the detector. 

TIME BASES-Scanning Genera- 
tors 

By O. S. Puckle 
204 Pages $2.75 

Covers the subject from both the design and the development points of view; assembles more time bases circuits than have heretofore been available in one volume. 

THE TECHNIQUE OF RADIO 
DESIGN 

By E. E. Zepler 
312 Pages $3.50 Deals with the day-to-day problems of the radio engineer, both in the development and in the testing of radio receiving apparatus of all types. Thoroughly practical. 

PRINCIPLES OF RADIO 
By Keith Henney 

549 Pages $3.50 A complete and authoritative presentation of radio, in its fundamentals as well as its recent developments. Partial list of contents includes: Ohm's Law; Inductance; Capacitance; Cir- cuits; Coils; the Vacuum Tube; Amplifiers; Rectifiers; Oscillators; Television; etc. Pro- fusely illustrated. Fourth Edition. 

COMMUNICATION CIRCUITS 
By L. A. Ware and H. R. Reed 

330 Pages $3.50 An expansion of an eminently successful book to include new material on physical aspects of wave guide transmission impedance matching, solution of circuits, and taie theory of rectangular 
and cylindrical wave guides. Second Edition. 

HYPER AND ULTRA -HIGH FRE- 
QUENCY ENGINEERING 

By Robert I. Sarbacher and William A. Edson 
644 Pages $5.50 
A practical treatment of an important new 
branch of communications engineering, requiring 
no special advanced knowledge. Of value to 
the beginner, as well as those having some 
familiarity with the subject. 

CATHODE RAY PATTERNS 
By Merwyn Bly 

30 Pages $1.50 
Important for technicians and laboratory work- 
ers. This book summarizes briefly by means 
of sketches and captions the cathode-ray pattern 
types encountered in the usual course of labora- 
tory and test bench work. 

RADIO EXPERIMENTS 
By Robert C. Higgy 

96 Pages 
Thirty-two basic experiments in electricity, elec- 
tronics and radio, with a full explanation of the 
principles involved as well as laboratory pro- 
cedure. 

$1.50 

BASIC ELECTRICITY FOR COM- 
MUNICATIONS 

By William H. Timbie 
603 Pages $3.50 
A simple, clear presentation of the fundamentals 
of electricity and their application in the prob- 
lems of communications and radio. The first 
twelve chapters illustrate the principles by 
simple application to communications appliances. 
The remainder of the book covers the appliances 
and their operation. 

SHORT-WAVE WIRELESS COM- 
MUNICATION 
By A. W. Ladner and C. R. Stoner 

573 Pages $6.00 
A book of inestimable value in this field as it 
contains the latest facts and theory (as far 
as they may be 'treleased now) on the many 
leading American, English and European de. 
velopments taking place in short-wave and 
ultra -short-wave work. 180 new diagrams, plus 
illustrations and calculations, supplement the test. 
Fourth Edition. 

ON APPROVAL COUPON 
JOHN WILEY & SONS, INC. 
440 Fourth Avenue, 
New York 16, N. Y. 
Please send me on ten days' approval 
the books I have checked in this ad- 
vertisement (or I am attaching fo this coupon a separate list of the 
books desired). At the end of that 
time, if I decide to keep the books, 
I will remit indicated price plus post- 
age otherwise I will return the books 
postpaid. 

Name 

Address 

City and State 

Employed By 

E-5-44 
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D.C. to 

A.C. 
By JANETTE 

D.C. to A.C. CONVERTERS 
When only D.C. power is available, A.C. Electronic devices can be operated by using dependable JANETTE rotary converters. Many thousands are in use on ships, shore stations, as well as for domes- tic applications. Built In the 5 styles illustrated, for 6 to 230 volts D.C. input to 110 and 220 volts, 1 phase, 60 cycle A.C. output. Ask for bulletin No. 13-25. Dynamotors are also available. 

Wherever there are ships, you will find Janette converters. 

Janette Manufacturing 
556.-55811 Monroe S. CGhic.a9cr, 
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humidity was in excess of 50 per- 
cent. 
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AUTOMATIC MACHINES pro- 
duce in one day 5,500 glass jewels, 
substituted for the sapphire jewels 
formerly obtained from Switzer- 
land. 
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Jap Radio 
Equipment 

(Continued from page 129) 

tion 7.0 percent total harmonic dis- 
tortion was observed. These values 
are considered to be satisfactory 
for the service intended. 

General Observations 

One of the features in the design 
and operation of the Japanese 
equipment is that of employing 
quartz crystals to control the re- 
ceiver beat -frequency. The trans- 
mitter employs two crystal spot 
frequencies and the receiver also 
employs two crystal spot frequen- 
cies, the frequency of the receiver 
crystals differing from that of the 
transmitter crystals by the fre- 
quency of the receiver i -f amplifier. 
The crystals are mounted in a 
Bakelite housing which slides into 
clip contacts, and when seated in 
place, this holder actuates a switch 
which reverts the master oscillator 
from self -oscillator condition to 
that of crystal control at the fre- 
quency of the respective crystals. 
The same system is used for the 
beat oscillator in the receiver. 

Another feature that is interest- 
ing is the use of small neon lamps 
connected across the high -potential 
side of the transmitter tuned cir- 
cuits, used as tuning indicators in 
place of meters. This, of course, 
means a saving in cost and a con- 
siderable saving in space on the 
front panel. It does not, however, 
give the operator any indication as 
to the condition of the tubes in any 
of the tuned circuits, but it does in- 
dicate that all circuits are working 
satisfactorily provided the voltage 
breakdown . and the neon lamps are 
adjusted for the proper working 
voltage for each .amplifier stage. 

The output tuning of the trans- 
mitter is accomplished by means of 
Bakelite variometers wound with 
enameled -copper wire. These ap- 
pear to have been made in Germany 
and appear satisfactory for limited 
power and limited -frequency range 
equipment. 

There is no indication of the use 
of remote control. Tuning and 
changing frequency of the equip- 
ment must be accomplished from the 
front panel, the only remote opera - 
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inquiry will put you under no 
obligation. 
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tions being the starting and stop- 
ping of the dynamotors and the 
keying of the transmitter. 

It is noticed that the output- in- 
dicating meter was shunted with a 
removable shunt, which would in- 
dicate the Japanese have one stand- 
ard type output meter. 

Several familiar ceramic tube 
sockets are used, along with old 
American selector switches, control 
knobs, variable rheostats, etc. In 
general, one gets the impression 
Alen inspecting this equipment that 
the Japanese, possibly during the 
period 1928-1930, bought out sev- 
eral bankrupt broadcast receiver 
manufacturers' stocks and used 
this stock as the component parts 
for aircraft communication equip- 
ment. Practically all the operating 
relays are direct copies of standard 
domestic relays. 

The Japanese are using rubber 
for power cables. These cables are 
all of American manufacture and 
all are dated 1940. 

It is noticed in the Japanese 
equipment that practically all fixed 
resistors are of German make. 

The Japanese make no use of 
plastics or die castings, the equip- 
ment being frame -constructed with 
all component parts mounted by 
means of screws and nuts and se- 

cured in various places to support 
members of the frame. German 
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equipment is practically the oppo- 
site in construction, as the Germans 
make extensive use of die -castings, 
moldings and stampings, and there 
is very little machine work done in 
the construction of German equip- 
ment other than the mounting of 
the component parts. 

There is no indication on any of 
the Japanese equipment of use of 
shock -mountings, the old style 
"Bongee" cord suspension being 
used. 

The transmitter power input re- 
quirements are considered exces- 
sive for the power output available, 
especially for voice operation, even 
when considering that the efficiency 
of the output tubes is lower than if 
the tubes were operating at their 
proper rates. 

The operation of the transmitter 
and the receiver for voice operation 
is considered unsatisfactory, and it 
is thought that the units must have 
been designed primarily for cw 
operation. 

The total power input, estimated 
on the basis of 50 percent dynamo- 
tor efficiency, is 381 watts for cw 
and 311 watts for voice -operation, 
yielding outputs of 26.6 and 9.2 
watts respectively. This represents 
an estimated overall efficiency of 7 
percent çw, 3 percent voice. These 
values are considered comparatively 
low for this type equipment. The 
average American equipment of the 
same power output would approxi- 
mate an overall efficiency of from 
7 to 12 percent. 

In conclusion, it can be stated 
that the Japanese equipment com- 
pares unfavorably with present 
American naval aircraft communi- 
cation equipment covering the 
same frequency range and approxi- 
mately the same size and weight. 

REFERENCES 
(1) Gordon. R. A., Captured Axis Equip- 

ment p. 94, ELECTRONICS. March 1944. 
(2) Gordon, R. A.. German UHF Com- 

mand Set, p. 132, ELECTRONICS, April 1944. 

POWER COMPANIES have found 
that defective distribution trans- 
former tanks can be fitted with 
Hipersil cores and new windings 
and, because of the difference in 
thickness between hot -rolled silicon 
steel and Hipersil, provide a 7i-kva 
transformer in a 5-kva tank. 
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(Continued from page 107) 

by established photographic con- 
cerns, or requiring that the radio 
firm manufacturing the frequency 
meter go into the photographic 
business. 

Recording System Used 

To overcome these objections, 
it was decided to use an adding 
machine as the printer by provid- 
ing a means of setting up the dial 
reading of the calibration point on 
the keyboard. 

The complete recording system 
is shown in the block diagram in 
Fig. 13. The frequency meter dial 
is mechanically coupled through a 
gear drive of suitable ratio to an 
electrical revolution counter. This 
counter (see Fig. 14) consists of 
5 decks of 10 -point selector 
switches, each deck being geared 
to its adjacent deck by a 10:1 inter- 
mittent stepdown so that every 
time the "tenths" rotor rotates be- 
tween 9 and 0, a gear link advances 
the "units" rotor by one stator 
segment. Every time the "units" 
rotor passes between 9 and 0 an- 
other gear link advances the "tens" 
rotor by one segment, etc. 

The stator contacts selected by 
the rotors at any given instant, 
therefore correspond to the numeri- 
cal dial reading at that instant. If, 
at the particular instant at which 
a reading is to be taken, the 
"tenths" rotor happens to be be- 
tween contacts, then the next 
point to be contacted will be 
recorded. 

For this reason and because of 
the practical impossibility of ad- 
justing the "tenths" rotor so that 
it will break contact with the "9" 
point exactly simultaneously with 
the breaking of the rotor contact 
in the units section, a "discon- 
nect" section is added. The rotor 
of this section is directly coupled 
mechanically to the "tenths" rotor, 
and the stator segment is so ar- 
ranged that the rotor and stator 
are in contact throughout approxi- 
mately 330 deg of rotation. The 
remaining 30 deg is a little greater 
than the angle throughout which 
the "tenths" rotor is not in contact 
with either the "9" stator contact 
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or the "0". Electrically this "dis- 
connect" section is in series with 
the voltage supplied to the remain- 
ing rotor sections, so that the 
switch is rendered electrically in- 
operative during the mechanical 
throw -over period. 

Each stator contact of the revo- 
lution counter is connected to the 
starter anode of a cold -cathode gas 
discharge tube (OA4G) as in Fig. 
15, which shows the schematic of 
one column of the number storage 
bank. The circuit is so arranged 
that when switch S is open, all 
voltages are removed from the 
tubes, leaving them de -ionized. 

When the reading on the coun- 
ter is to be recorded, switch S 
(which is actually a thyratron 
ionized by the pulse from the zero 
beat detector) is closed, supplying 
185 volts to the anodes of all the 
tubes. Resistors R4 and R5 sup- 
ply approximately 100 volts to the 
starter anode of the first tube to be 
selected by the rotor of the coun- 
ter switch. 

Under these conditions, the tube 
selected will ionize and reduce its 
anode -cathode potential to 70 
volts. Since R1=R0, 57.5 volts 
will appear across RO and will act 
as a positive bias on the cathodes 
and starter anodes of the remain- 

s 
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ing. Concerned about "washouts" due 
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-- 
ing tubes. Further rotation of the 
counter switch rotor will then sup- 
ply an effective starter anode -to - 
cathode voltage of only 42.5 volts 
to any subsequent tubes selected, 
and this value is insufficient to 
ionize any of them. 

After S is closed, the first tube 
to be contacted by the counter 
switch becomes ionized and will 
remain ionized until switch S is 
opened. (This "opening" will 
actually be a deionization of the 
thyratron being employed for S, 
after storage of the number is no 
longer required). 

Thus the number storage bank 
constitutes an electrical means of 
storing the dial reading of the fre- 
quency meter at any calibration 
point for any desired length of 
time. This reading is transferred 
from the storage bank to the key- 
board of an adding machine by 
having the plate current of each 
ionized OA4G tube operate a relay 
(coil represented by Rl in Fig. 15) 
which in turn operates a corre- 
sponding solenoid that presses the 
proper number key of the adding 
machine. A view of the adding 
machine and solenoids with cover 
off is shown in Fig. 16, and the 
entire number storage bank with 
the front door open is shown in 
Fig. 17. 

Sequence of Printing Operations 

After the dial reading of the 
calibration point is set up on the 
adding machine, it is required that 
the reading be printed and that the 
difference between adjacent read- 
ings also be tabulated. This ne- 
cessitates the following sequence 
of operations: 

(a) Press the "non -print" but- 
ton. 

(b) Press the "+" button if the 
frequency meter dial is re- 
volving to increasing num- 
bers. 

(c) After the machine starts 
running, release all pres- 
sure. 

(d) When the machine comes to 
rest, press the total button. 

(e) After the machine starts 
running, release the pres- 
sure. (During the ensuing 
cycle of the machine, the dif- 
ference between the present 
calibration point and the 
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previous one will be 
printed.) 

(f) When the machine comes to 
rest, again press the "num- 
ber keys, as still determined 
by the number storage 
bank. 

(g) Press the "-" button. 
(h) When the machine starts 

running, open switch S of 
Fig. 15 by deionizing the 
thyratron used as S, there- 
by deionizing the cold -ca- 
thode tubes of the number 
storage bank so as to pre- 
pare it for a new calibration 
point; also remove pressure 
from all keys. (During this 
cycle of the adding machine, 
the dial reading of the cali- 
bration point will be 
printed.) 

If the dial of the frequency meter 
is being driven from high numbers 
to low (on one band it is driven in 
one direction, and in the opposite 
direction on the other), then opera- 
tions (b) and (g) above are re- 
versed. 

All of the above operations are 
performed by means of conven- 
tional relay switching practice, 
with each operation initiated by 
the closing or opening of a contact 
placed on the adding machine in 
such a manner that the contact is 
closed while the machine is cycling 
and the contact is opened when the 
machine comes to rest. The entire 
sequence system is shown with 
cover open in Fig. 18. 

Contact -Failure Detector 

A safety device is incorporated 
in the sequencing system to insure 
against incorrect calibrations in 
case of failure of any one of the 
contacts of the revolution counter. 
(Such failure might be expected to 
be rather frequent since the fastest 
revolving rotor of this switch 
makes over 100 contacts per second. 
In actual use 24 hours a day, the 
particular design employed in the 
revolution counter gives a contact 
failure about once every two 
months, or after about 500 million 
contaetings. ) 

This safety device operates upon 
the time interval between the in- 
stant that the pulse is received 
from the zero beat detector and 
the instant that the one OA4G tube 
in each column of the number stor- 
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Low ohmic values are made in 
body type "CX" only whereas 
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range of resistance values. 
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nish them. Larger units or special 
sizes can be provided. 

Write us outlining your resistor 
problem, it will receive prompt 
and careful consideration. 

PHYSICAL AND ELECTRICAL SPECIFICATIONS 

TYPE 
A 

RESISTORS 

FART 

NUMBER 

WATT 

RATING 

RESISTANCE 

RANGE - 

OVERALL 

LENGTH 

OVERALL 

DIAMETER 

997-A 1/5 
150 Ohms to 
1.7 Megohms 2144 7/64 

763-A 
t/4 

17 Ohms to 
15 Megohms 1/2"7/32 

759.A 1/2 33 Ohms to 
15 Megohms 3/4 s/4 

766-A 1 
17 Ohms to 
15 Megohms 1 Vs" 

792-A 3 
22 Ohms to 
150,000 Ohms 

7/2" 15/32" 

774-A S 
33 Ohms to 

220,000 Ohms 25/2 

TYPE "CX" RESISTORS 

997-CX 1/4 1 to 150 Ohms 21/64 744 

763-CX 1/2 1 to 47 Ohms 5/2 7/32 

759-CX 1 1 to 33 Ohms 3/4 

766-CX 2 1 to 47 Ohms 11/2" 1/4" 

792-CX 4 1 to 22 Ohms i 7/e" 15/32" 

774-CX 6 1 to 33 Ohms 2 1/4" 15/32 

STANDARD RE (STANCE (Tolerances Salo - 109', - 20%) 
ALL RESISTORS COLOR CODED According to R. M. A. Standard . 

ORDER BY PART NUMBER, RESISTANCE VALUE AND TOLERANCE. 

Globar Division 

THE CARBORUNDUM COMPANY 
TRADE MARK 

NIAGARA FALLS, N. Y. 

Carborundum and Globar are registered trade marks on 
and indicate manufacture by The Carborundum Co.) 

age bank becomes ionized. If this 
interval is less than approximately 
0.01 second, then the calibration 
point is printed in the normal man- 
ner; but if, through a contact fail- 
ure of the revolution counter, the 
interval exceeds 0.01 second, then 
no calibration point is printed. This 
is arranged by a suitable relay 
system consisting of one relay coil 
of a fast -operating relay inserted 
at RO of Fig. 15 for each column 
of the number storage bank, and a 
slower -operating relay connected 
from the plates of the 0A4G to 
ground. 

If the slow -operating relay closes 
after the five fast relays have oper- 
ated (the difference in operating 
time between the two types of re- 
lays is 0.01 second) then the con- 
tacts of the revolution counter are 
apparently in proper working order 
and the circuit is arranged to per- 
mit the normal printing sequences 
previously described to be executed. 
If, however, the revolution counter 
skips a contact point at the instant 
that a dial reading is to be recorded, 
the 0A4G which should have been 
ionized does not become ionized and 
hence the slow -acting relay will be 
operated before the fast -acting one. 
Through suitable additional relay 
circuits, this causes the sequence 

CATHODE-RAY TUBE 
FACTORY 

After the sealing -in operation, cathode- 
ray tubes are baked, bombarded, evac- 
uated and sealed on this machine. A 
complete tube leaves the machine 
every two minutes at the North Amer- 

ican Philips plant 

Model 504-A 
Tube and Set Tester 

PAST-For over 15 years Su- 
preme Test Equipment has won 
and held its reputation for rug- 
gedness, dependability, accuracy. 

PRESENT-Supreme Instru- 
ments and Meters are helping 
keep a communications open on 
the world's battlefronts. 

FUTURE-Look to Supreme 
for continued leadership in com- 
munications, radio and television 
test equipment. 

Model 542 
Pocket Multimeter 

New Supreme 
"Hairline Accuracy" 

Meter 

SUPREME INSTRUMENTS CORP. 
Greenwood, Iliac., U. S. 4. 
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system to omit the calibration read- 
ing entirely and to leave two blank 
spaces on the recording tape. 

Use of Calibration Tape 

In this manner, then, the dial 
readings at the calibration points 
are recorded. The actual frequency 
corresponding to any given dial 
reading is determined from the 
known frequency at the start of the 
calibration tape and the number of 
readings intervening. In practice, 
after the calibration tape has been 
completed by the machine, it is 
placed upon a ruled table which has 
marking lines corresponding to 
certain reference frequencies. In 
this manner, key frequencies (such 
as those which start each page of 
the finished calibration booklet) 
can be marked off. 

The ruled calibration tape is 
then used to set up manually the 
interpolating machines, which sup- 
ply ten interpolated calibration 
points for each one appearing on 
the tape and which simultaneously 
print the pages of the completed 
calibration book. 

Credit is acknowledged to Mr. D. 
B. Smith and Mr. E. S. Brotzman 
who directed the development of 
the zero beat detector and the re- 
cording system respectively, and to 
each of the following for their in- 

SONDE BALLOON 

U. S. Navy aerographers mates release 
a weather balloon with radio sonde 
equipment that will transmit signals in- 
dicating temperature, humidity, and air 
pressure at various altitudes. Official 

U. S. Navy photograph 

313111311111B11111Mo11311MMIIIIIIIIMMIIIIIMIMMIZZOIZZI>.11111111 

% YOU NEED... 
CONDENSERS: 

G -R has had years of experience in the design and manu- 
facture of oil filled (G -R Dilectol), wax impregnated, paper 
tubular, dry electrolytic and moulded condensers and 
capacitors, and is ready to furnish such types in all usual 
working voltages and capacities. 

RELAYS, CONTACTORS: 
Illustrated is the newly -developed heavy-duty G -R Relay - 
Contactor. This and other types of G -R relays are available 
for normally -open, normally -closed or double -throw opera- 
tion in single or more poles. 

TRANSFORMERS: 
Long-time manufacturers of many types of transformers, 
G -R today has ample facilities for the large -volume pro- 
duction, inspection and precision testing of audio, power, 
filament, plate, push-pull and similar transformers. 

WRITE OR WIRE FOR ENGINEERING DATA 

Electronics Division 

GLENN -ROBERTS COMPANY 
OAKLAND 1, CALIFORNIA INDIANAPOLIS 1, INDIAN, 

Export Agents: FRAZAR & HANSEN 
301 Clay Street, San Francisco, California 

......M11111.......u........111MII IIMBIZZBUZZZ........ 

Pyroferric powdered 
precision instrument metal cores 
to develo es have kept apace the vital specification: pment. 
PERMEABILITY 

HIG 

They are manufactured 

y 
RESISTANCE ras desired FREQUENCY HIGH Consult p 

LOWMEDIUM 
yroferric on your Powder 

Met,,u..___ LOW 
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POSITIVE, DEPENDABLE PERFORMANCE 
with Compact Shock -proof SP RELAYS 

Designed to withstand shock and vibration, 

SP RELAYS give outstanding performance in 

communications equipment of all kinds, radio 

equipment, aircraft equipment and other essential 

applications. Available in both AC and DC types. 

WRITE FOR NEW DESCRIPTIVE CATALOG 

'lbllu &ceput 
Princeton, Indiana 

' THE POSITIVE ACTION RELAY" 

GET 
BOIS 

NEW 

CATA 
G 

NOW' 

Stepped- up PRODUCTION 

OF RADIO -ELECTRONIC PRODUCTS! 

As reflected in our new 48 -page Catalog, 
the expanded Insuline plant is producing an 
enlarged line of high -quality Radio, Sound, 

and Electronic Products. These include:- 

Metal Cabinets. Chassis, Panels 
Plugs and Jacks Clips Tools 

Metal Stampings Screw -Machine 
Products Antennas Hardware 
and Essentials. 
Send specifications for estimates. Write for. 

your copy of our Catalog -nowl 

nsuunE 
CORPORATION OF AMERICA 

INSULINE BUILDING LONG ISLAND CITY, N.Y. 

valuable contributions: W. Frear, 
F. Reed, W. Newbold, H. H. Harris, 
M. Ames, H. Brough, M. Riccardi, 
E. O. Thompson, I. Stephan, W. 
Mattison, A. F. Nickel, D. Karcher, 
C. Woll, W. Miller, A. Miller, H. 
Seher, W. Bareiss and F. Kotulka. 

Appendix I 

eJ = instantaneous voltage output of fre- 
quency meter 

Ef = peak value of of 

e. = instantaneous voltage output of 
standard signal 

E. = peak value of e. 

e, = instantaneous value of zero beat 
voltage 

Ed, = peak value of e.b 

0 f = instantaneous value of the argument 
of the sine function representing e 

w, = instantaneous periodicity of ej 

-do, 
dt 

w. = periodicity of standard signal 

a = rate of change of w, = dwt 
at 

(assumed to be constant) 
= phase angle of frequency meter 

signal (value of B, at instant of zero 
beat) 

0. = phase angle of standard signal 

9=4.-1 
t = time measured from the instant of 

zero beat 
e1 = Ef sin Of = E1 sin (fwj dt) 

w, = w. + at 

fw,dt = w.t ±a-112 + 41 

e, = E, sin (w.t+ t2+of) 

e. = E. sin (w.t + O.) 

The product of these two signals, 
as obtained in a mixer, neglecting 
all but audio -frequency terms, is 

-- 
e.n=E.bcos --af2-B) 

Appendix II 

If O = 0, then 

e.a = Ea cos t= 

for a calibrating time of 6 minutes, 
a_2w(4X 10"-2 X10°)_3.5 X10'. 

n 360 

Let T = value of t for which e., 
goes through its first zero values. 
Then 

«1T2= ; T = t0.01 sec. and ti 
2, 

0.02 see 

Appendix III 

Given the function ft(x) =J'cos 
(x2 + B) dx (1) 

A second form of the function 
differing in phase by 90 deg is 

f 2 (r) = fees (22 + o + dx 

= f sin (zt + B) dx (2) 

It is desired to show that 
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Here's news for men in 

radio and electronics 

One of the most com- 
plete works of its 
kind ever published, 
this outstanding refer- 
ence work presents a 
wealth of essential 
theory a n d up-to- 
date standards, prac- 
tice, and data, espe- 
cially selected and 
organized to meet the 
needs of the engineer 
dealing with practical 
radio and electronic 
problems. 

RADIO ENGINEERS' 
HANDBOOK 

By Frederick E. Terman 
Professor of Electrical Engineering and Ex- 
ecutive Head, Electrical Engineering De- 
partment Stanford University (absent on 
leave), Director, Radio Research Labora- 
tory, Harvard University 

1,019 pages, 6 x 9, 
profusely illustrated, $6.00 

13 big sections, covering 
L Tables, Mathematical Relations, and 

Units 
2. Circuit Elements 
3. Circuit Theory 
4. Vacuum Tubes and Electronics 
5. Vacuum -tube Amplifiers 
6. Oscillators 
7. Modulation and Demodulation 
8. Power -supply Systems 
9. Radio Transmitters and Receivers 

10. Propagation of Radio Waves 
11. Antennas 
12. Radio Aids to Navigation 
13. Measurements 

Terman's Handbook concentrates on those 
topics which the radio man thinks of as con- 
stituting radio engineering - presented in 
concise descriptions, fundamentals, formulas, 
procedures useful in actual design, tables, 
diagrams, etc. Consult it for data needed in 
routine problems of design and practice, or 
in investigation of special problems or 
branches of work. Check your methods 
against best accepted practice. Save time, 
trouble, and error-get quick, dependable 
answers to your questions, when you need 
them, from Terman's Radio Engineers' Hand- 
book. 

See ibis handbook on approval. Just mail 
the coupon; pay for or return the book after 
examination. This authoritative and con- 
venient summary of radio engineering knowl- 
edge can be of constant and valuable aid to 
you. Send the coupon today. 

10 DAYS' FREE EXAMINATION 

Beek Ca., 330 W. 42nd St.. New 
York. IS, N. Y. 

Bend me Terman's Radio Engineer' Hand- 
book for 10 4 ye examination on approval In 
10 days I will send you $4.00 plus few cents Wa- 
age 

or 
return 

etur 
elt' book peingwid. (We p postage on 

cub 

Neue 

Address 

City and Bate 

Position 

e Company L. 5-44 

[fí(2)12 + [12(2)12=fa\2) 

where f (x) is independent of O 

and its amplitude is equal to the 
square of the envelope of f, (x) 
plotted for all values of 0. 

Expanding Eq. (1) 

fl(x) = f cos x2 cos eds - fain x2,sin edx 
= cos °fees x2dx - sin'efsin x2dx 

= C cos 9 -S sin 9 (3) 

where C =f cos x2dx, and S =fsin 
xºdx 
Similarly 

f2(x) = C sin O -i- S cos O '4) 
[fi(s)ts + [13(x)]2 = C2 + 82= fa(x) (5) 

and fa(x) is obviously independent 
of O. 

Let Eq. (4) represent the general 
function. To determine the ampli- 
tude of the envelope at any point, 
x, the function must be maximized 
with respect to 6, holding x con- 
stant: 

ae[Csine+scose1=cconO-saine=0 
C 

tan O = C/S (6) sine = 
J s2 C2 

(7) 

cos 0.- (8) 

Substituting (7) and (8) in (4) 

tan e = C/S (6) 

sin e = C/ JS2 + C2 (7) 

cos A =óS/ JS' + C' (8) 

Substituting Eq. (7) and (8) in 
Eq. (4) gives 

Envelope a C C 
8- 

S= + C' + S, J 
+C' (9) 

The square of Eq. (9) is equal to 
Eq. (5), which was to be proved. 

Appendix IV 

In Appendix I, let the constant 
frequency signal change in phase 
by 90 deg. Then 

e. e E. sin (w, t + t. + 90°). 

Thus 

90°)Oa ) 
.4 cos (2 - e' ), which 

is the same zero beat wave except 
that O' - O + 90 deg. 

PAY FOR RADAR RATINGS in 
the British Royal Navy has been in- 
creased, ranging from Ss. a day for 
instructors to 3d. a day for new rat- 
ings. Special badges are not issued 
to the officers and ratings in the 
radar branch. 

For I ninterrupte 

Service Specify 

Today, it is most 

essential that power 
transformers, voltage 
regulators, etc. deliv- 
er uninterrupted serv- 
ice. The presence of 

moisture, oil and cor- 

rosive chemicals will 
tend to lessen the 
useful service of your 
equipment. Such de- 

teriorating factors 
can be curtailed by 
specifying DOLPH'S 

Insulating Varnish 
for extra protection to 

coil windings. 

When in need of 

insulating varnishes. 
specify DOLPH'S for 
extra protection. They 
are formulated to 

meet the moat rigid 
specifications. 

Write for 
the free 

folder on SYNTHITE PG -4 

Clear Baking Varnish. 

JOHN C. DOLPH COMPANY 
Insulating Varnish Specictid, 

169-A Emmet St., Newark, New Jersey 
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A Complete 

Service 

for Small Parts... 

DEHYDRATING 
Small parts are thoroughly dehydra- 
ted for the length of time needed 
to thoroughly extract moisture. 

AUTOMATIC DIPPING 
Parts are waxed and varnished ac- 
cording to specifications and all 
areas are thoroughly coated. 

VACUUM IMPREGNATING 
Sufficient time is allowed to thor 
oughly impregnate all materials to 
the full extent of their porocity. 

CENTRIFUGING 
All surplus wax is removed by this 
operation leaving all machined sur- 
faces and counter bores dean and 
smool h. 

POLISHING 
All smooth surfaces are polished to 
a dust -free hard finish. 

Daily 
PICK - UP AND DELIVERY 

in METROPOLITAN AREA 

PRODUCTION 
ENGINEERING CORP. 

666 VAN HOUTEN AVE. 

CLIFTON, N. J. 

NEW BOOKS 

Electron -Optics 
By PAUL HATSCHEK (translated from 
German by Arthur Palme), Ameri- 
can Photographic Publishing Co., 
Boston 15, Mass., 1944, 161 pages, 
price $3.00. 

A PLAIN -LANGUAGE presentation, 
without mathematics, of the fun- 
damentals of electron lenses pro- 
duced by electric and magnetic 
fields for use in electron tubes. The 
book was written in 1935 and 
1936, and was intended for those 
having no previous knowledge of 
this field, then in its infancy. The 
translator has added one chapter 
surveying the progress made in 
electron optics since that time, with 
emphasis on the electron micro- 
scope. 

The book could well serve as an 
elementary textbook covering one 
phase of electronics, building a 
broad groundwork necessary fer 
understanding new developments. 
Teachers of electronic subjects may 
glean useful ideas for improving 
their lectures from the many an- 
alogies and simple step-by-step ex- 
planations of how electron beams 
are bent in television tubes, ampli- 
fiers, multipliers and other electron 
tubes.-J.M. 

The Mathematics of Physics 
and Chemistry 
By HENRY MARGENAu, Associate Pro- 
fessor of Physics, and GEORGE MOSE- 
LEY MURPHY, Assistant Professor of 
Chemistry, both of Yale University. 
D. Van Nostrand Company, New 
York, 1948, 581-xii pages. Price $6.50. 

A COMPACT COLLECTION of many of 
the important advanced mathemati- 
cal techniques used in modern theo- 
retical physics and chemistry will 
be found in this book. Engineers 
interested in wave radiation and 
propagation, the modes of oscilla- 
tion of cavity resonators, heat flow, 
noise, linear electric networks, or 
the approximate solution of certain 
algebraic, transcendental, or ordin- 
ary differential equations can well 
find in it a ready review of pertin- 
ent abstract relations. 

In the main the level is that suit- 
able for engineering graduates, al - 

S 

Sherman 
Offers QUICK 

DELIVERY 
On Hundreds 
Of Styles of 

ELECTRICAL 

TERMINALS 

One of the largest, most com- 

plete lines of Electrical Termi- 

nals available anywhere, is 

offered you by Sherman. Hun- 

dreds of styles are available, and 

others are constantly being 
added. Most of these are kept in 

stock, ready for quick shipment. 

Sherman probably has a stock 

terminal exactly suited to your 

own particular requirements. If 

not, we would be happy to have 

you submit your specifications to 

our engineering departments. 

Sherman also makes many 

other high quality electrical fit- 

tings, such as soldering and 

solderless lugs, fuse clips, etc. 

Write today for Sherman catalog. 

H. B. SHERMAN 
Mfg. Company' 

Battle Creek 
Michigan 

Sherman 
LUGS, 

TERMINALS, FUSE CLIPS 
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though certain parts assume a more 
advanced background in mathe- 
matics or in quantum physics and 
chemistry. 

A highly condensed treatment 
makes the volume more appropriate 
as a reference or expanded hand- 
book than as an introduction to the 
topics treated. These are: the 
mathematics of thermodynamics; 
ordinary differential equations; or- 
thogonal polynomials; vector analy- 
sis; vector and curvilinear coordin- 
ates; calculus of variations; partial 
differential equations of classical 
physics; proper values and proper 
functions; mechanics of molecules; 
matrices and matrix algebra; 
quantum mechanics; statistical me- 
chanics ; approximate solutions ; 

linear integral equations; and 
group theory. 

The frequency of misprints is a 
little high, the usual mark of a first 
printing. For the most part the 
corrections are evident. An unfor- 
tunate error occurs in the expan- 
sion of the generating function of 
the Tschebyscheff Polynomials on 
page 128. Here n ! should be de- 
leted. Also in the definition of these 
polynomials in equation (2-54), 

STEATITE 

CERAMIC 

CHARACTERISTICS 
Specific gravity of only 2.5 to 2.6 
Water absorption S. 1.5-0.001 per 
cent. Per cent power factor. 
S. 1.5 to 60 cycles was only 0.0165. 
Dielectric constant at 60 cycles 
was 5.9.1000 KC 5.4. 

Makers of electrical and radio apparatus des- 
tined for war service are finding in LAVITE 
the precise qualities called for in their 
specifications . high compressive and 
dielectric strength, low moisture absorption 
and resistance to rot fumes, acids, and high 
heat. The exceedingly low loss -factor of 
LAVITE plus its excellent workability 
makes it ideal for all high frequency appli- 
cations. 

We will gladly supply samples for testing. 

D. M. STEWARD MFG. COMPANY 
Main Office & Works: Chattanooga, Tenn. 
New York Needham, Mass. Chicago Los Angeles 

ELECTRICITY 
FOR ANY JOB-ANYWHERE 

For a dependable source of electricity on projects remote 
from commercial power, Onan Electric Plants are proven 
leaders in the field. More than half of the Armed Forces' 
total requirements for Power Plants are built by Onan. 

Gasoline -driven . Single -unit, compact design . . . Sturdy 
construction . . . Suitable for mobile, stationary or emer- 
gency service.. 

Over 65 models, ranging in sizes 
from 350 to 35,000 watts. 50 to 800 
cycles, 110 to 660 volts, A.C.-6 to 4000 
volts, D.C.-Also dual A.C.-D.C. out- 
put types. 

Descriptive literature sent 
promptly on request. 

D. W. ONAN 
& SONS 

3251 Royalston Ave. 
MINNEAPOLIS 5, 

MINNESOTA 

Pne:dact4 
"MERIT" 

xea.c 
9úie z..240 P444 
... PARTS manufactured ex- 
actly to the most precise 
specifications. 
Long manufacturers of com- 
ponent radio parts, MERIT 
entered the war program as 
a complete, co-ordinated 
manufacturing unit of skilled 
radio engineers, experienced 
precision workmen and 
skilled operators with the 
most modern equipment. 
MERIT quickly established 
its ability to understand 
difficult requirements, quote 
intelligently and produce in 
quantity to the most exact- 
ing specifications. 
Transformers-Coils-Re- 
actors-Electrical Windings 
of All Types for the Radio 
and Radar Trade and other 
Electronic Applications. 

T 
C C -z- 
Since 1924 

MERIT COIL & TRANSFORMER CORP. 
311 North Desplaines St. CHICAGO 6, ILL. 
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ELIMINATES NAME PLATES 

ON FRONT PANELS 

A proven method for placing durable characters 
on metal panels, chassis, etc. 

* Inlaid baked enamel characters, 
protected by background finish; re- 
sistant to abrasion and salt spray; 
guaranteed to pass 50 hour salt 
spray test. 

* Front panel will match finish of 
cabinets. 

* Recommended and endorsed by 
scores of manufacturers of elec- 
tronic, sound and communication 
equipment. 

PROMPT DELIVERIES-Send us your bare fabricated 
steeLand within two weeks we will 
return it finished and marked to 

your complete satisfaction. 

t R E EN M A KE RS 
ALSO... 

SILK SCREENING 
on front panels and 
chcssis, either metal or 
plastic. Sharp clear char - 

64 FULTON..STREET .,NEW YORK 7, N.Y.acters durably printed 
on finished or unfinished 

Tel.: REctor 2-9867 surfaces. 

In1,,,,,,,,,,,,,,,,1,,,,, 1 1 1,,, 1,,,,,.,, 1 ,,,,,,,,.,,,,,,,,,,,, 1,,,,,,,,,, 1, 1, 1,,,,,,,,,,,,,,,,,, 1, 11 1,,,, 1 1, 1, 1,,,,,,,, 1 1,,,,,, 

WANTED: 

Electronic or 

electro -mechanical 

products 

(equipment, parts, 
or consumer items) 

for the post-war era by 

modern, well - organized 

manufacturer of radio 
parts, who desires to add 

new products. 

Apply to W-646 Electronics 

330 West 42nd St., New York 18, N. Y. 

[1.111111111.11111-1 

Cameras and 
Photo Supplies 

for your 
Laboratory! 

Headquarters for cameras, lenses, photo 
accessories and dark room supplies 
everything for the commercial-and indus- 
trial photo laboratory. Inquiries on cam- 
eras and photo equipment invited. Catalog 
IMI on request. 

BURKE & JAMES, Inc. 
321 SO. WABASH AVE. 

CHICAGO 4 ILLINOIS 

page 74, the second. (n-3) should 
be (n-4). Disconcerting to the 
mathematically minded is the omis- 
sion of restrictive conditions on var- 
ious relations, and the apparent 
absence of limit processes in setting 
up differential equations. For an 
example of the latter see pages 147 

and 148. Also the incomplete state- 
ment of a few problems might dis- 
turb a reader not familiar with 
these problems. Problem a of page 
39 illustrates the point. 

The influence of German litera- 
ture crops out at various points, 
such as: in deviations from the 
American partial -derivative nota- 
tion on pages 3, 82, and 83; the 
designation of the equation of a 
series LR circuit with constant ap- 
plied voltage as "Helmholtz's equa- 
tion" on pages 39 and 42 ; the as- 
signment of Gauss's name to the 
"normal" distribution curve dis- 
covered by DeMoivre in 1753; and 
the preference for "eigen" over the 
short English equivalent "proper". 
This last preference is fairly com- 
mon in quantum literature, how- 
ever. 

As far as time variations are con- 
cerned the treatment covers the 
steady state nearly exclusively. Lack 
of interest in transients is shown 
by remarks on page 55 where it is 
stated that the complementary func- 
tion is of little interest in physical 

ELECTRONIC TIME 
DELAY 

Grinding concentric bores in motor 
stators is controlled by an electronic 
time -delay relay, shown by the arrow, 
that stops the operation. The General 
Electric timer is preset for the amount 
to be ground and the size of the grind- 

ing wheel 
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MOTOR 

ENGINEER 

Position open for 

engineer who 

desires full 

opportunity to 

develop own 

ideas on very 

interesting new 

project. 

Necessary 

qualifications: 

originality, sound 

knowledge of 

fundamentals, and 

experience in 

electronic 

motor design. 

Salary open. 

RAYTHEON MFG. COMPANY 
PERSONNEL DEPARTMENT 

WALTHAM. MASSACHUSETTS 

,,,,,,,,,,,,,, I, a.,,,..e.mm.m.,m m.,m,m..,.u11181.101111gMEMI,,. 

applications because it decays ex- 
ponentially with time and will be 
damped out eventually. 

Refreshing touches appear in the 
handling of some of the conven- 
tional topics. An example is the 
footnote on the many mathematical 
uses of the word "homogeneous". 
The reader will appreciate the ex- 
amples and the problems with 
answers scattered through the text. 
Quantum physics and even recent 
nuclear questions are treated in an 
up-to-date manner. The same can- 
not be said of several of the mathe- 
matical topics. A moderate num- 
ber of references to other litera- 
ture, especially books, is included. 

Briefly then, Margenau and 
Murphy have collected in one book 
a wide expanse of mathematical 
methods whose treatment in conse- 
quence is somewhat sketchy.-J.L.B. 

Physical Foundations of 
Radiology 
By Orr() GLASSER, Professor of Bi- 
ophysics, Cleveland Clinic Founda- 
tion, EDITH H. QUIMBY, Associate 
Professor of Radiology, College of 
Physicians and Surgeons, Columbia 
University, L. S. TAYLOR, Chief of 
X -Ray Section, National, Bureau of 
Standards, and J. L. WEATHERWAX, 
Philadelphia General Hospital and 
Graduate School of Medicine, Univ. 
of Pa., published by Paul B. Hoeber, 
Inc. (Medical Book Dept. of Harper 
& Bros.), New York 16, 1944, 426 
pages, price $5.00. 

A POOLING of teaching experiences 
to provide an elementary and non - 
mathematical textbook suitable for 
two groups: physicians preparing 
to enter the field of radiology, and 
physicians already in this special- 
ized field but desirous of review or 
further information. It answers 
the demand by students of radi- 
ology for serious instruction in 
radiation physics, and includes con- 
siderable information on nuclear 
physics to provide a background 
for keeping up with current devel- 
opments. Throughout the book, the 
fundamental aspects of radiologie 
physics have been stressed, and the 
chapters on x-ray diagnosis and on 
biologic effects of radiation are de- 
liberately written to be stimulating 
rather than complete. 

The nineteen chapters, each con- 
cluded with a bibliography, cover 
history, concepts of matter and ra- 
diations, high -voltage generators, 
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TECHNICAL 
NOTES 

Excerpts from New Home Study 
Lessons Being Prepared under 
the Direction of the CREI 
Director of Engineering Tests 

The 
Iconoscope 

Regardless of whether or not tele- 
vision is being employed in the present 
war, it undoubtedly will be one of the 
most important post-war enterprises. 
CREI has been fully aware of this 
and has prepared a specialized course 
on the subject. We borrow from this 
source our material, the technical ar- 
ticle appearing in the May issue of 
the CREI NEWS. The subject is 
the Iconoscope, ¡and Part I presented 
in the May issue deals with the gen- 
eral aspects of' -photoelectric and sec- 
ondary emisáfon phenomena as a 
preparation for Parts II and III, in 
which the action of the Iconoscope 
itself will be analyzed. 

The approach is mainly from the 
physical viewpoint, since to the aver- 
age engineer, a good qualitative under- 
standing of the action of the icono- 
scope will stand him in better stead 
than a theoretical mathematical presen- 
tation, which is not of Mitch use prac- 
tically because of the difficulty in 
measuring the various quantities in- 
volved. 

As you probably know by this time, 
THE CREI NEWS is offered free for 
the asking to anybody sufficiently in- 
terested to write us for it. Write 
today for the May issue, and the ar- 
ticle, "The Iconoscope". You incur no 
obligation in requesting to be put on 
our mailing list. 

* * * 
The subject of "The Icono- 
scope" is but one of many 
that are being constantly re- 
vised and added to CREI les- 
sons by A. Preisman, Director 
of Engineering Texts, under 
the personal supervision of 
CREI President, E. H. Rietzke, 
CREI home study courses are 
of college calibre for the pro- 
fessional engineer and techni- 
cian who recognizes CREI 
training as a proven program 
for personal advancement in 
the field of Radio -Electronics. 
Complete details of the home 
study courses sent on request. ... ask for 36 -page booklet. 

CAPITOL RADIO 
ENGINEERING INSTITUTE 

E. H. RIETZKE, President 
Home Study Courses in Practical 

Radio -Electronics Engineering for 
Professional Self -Improvement 

Dept. E-5, 3224 -16th Street, N. W. 
WASHINGTON 10, D. C. 

Contractors to the U.S. Navy-U.S. 
Coast Guard - Canadian Broadcasting 
Corp. - Producers of Well -trained 

Technical Radiomen for Industry. 
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Small,íllatars lite. 

You get maximum power 
per ounce of weight in this 
small fractional il.P. 
Motor. Designed for speeds 
from 3,000 to 20,000 R.P.M. 
and for voltages from 6 to 
115. Engineered to your 
exact performance speci- 
fications. Precision -built of 
quality materials for long 
life, dependable operation. 
How many do you need- 
and when? 

1318 ELSTON AVE., CHICAGO 22, ILLINOIS 

Manufacturers of special small universal, frac- 
tional H. P. motors, dynamotors, shaded pole 
motors, heater motors, generators. 

Design Engineering Production 

roentgen ray tubes, production and 
nature of x-rays, diagnostic pro- 
cedures, measurement of x-ray dos- 
age and quality, radioactivity, meas- 
urement of gamma rays, neutrons 
and artificial radioactivity, biologic 
reaction, therapy records, and ro- 
entgen ray and radium protection. 
.ein appendix contains 16 pages of 
roentgen ray depth dose tables. 

The book is highly recommended, 
for the quality of its illustrations 
and the excellent editorial welding 
together of chapters by four dif- 
ferent authors as well as for the 
clarity and technical merits of the 
text matter. With the rapidly in- 
creasing importance of electronics 
in medicine, especially in the util- 
ization of recently discovered artifi- 
cially radioactive materials, it be- 
comes practically compulsory read- 
ing for workers in radiologie phys- 
ics and all related fields.-J. M. 

A.S.T.M. Standards on Elec- 
trical Insulating Material 
By A.S.T.M. COMMITTEE D-9, Ameri- 
can Society for Testing Materials, 
260 S. Broad St., Philadelphia 2, Pa. 
1944 (issued annually), 502 pages, 
paper cover, price $2.75. 

NEW MATERIAL in this year's edi- 
tion gives requirements for phe- 
nolic molding compounds, lamin- 
ated thermosetting materials, vul- 
canized fiber sheets, rods and tubes, 
natural block mica and mica films 
suitable for use in fixed mica ca- 
pacitors, orange shellac and other 
lacs, pin -type lime glass insulators, 
and tensile properties of plastics. 
Eight standards cover insulating 
varnishes, paints, lacquers and their 
products, three cover mineral oils 
and five are related to ceramic prod- 
ucts such as glass, porcelain and 
steatite. Two tables of contents, one 
in numeric sequence and the other 
grouped by general subjects, to- 
gether with a 17 -page subject index 
speed locating of desired data.- 
J.M. 

Illustrated Technical 
Dictionary 
Edited by MAXIM NEWMARK, The Phil- 
osophical Library, New York, 352 
pages, price $5.00. 

A COLLECTION of officially approved 
standard definitions obtained from 
engineering, trade and industrial 

,.-,» .,» 
Uniting a: _ _ _ 

_ 

we n!.n .ge 
Serving a 1+9)1Jv^ 4 

No RAILROADS ran west of the Mis- 
souri in 1849, but the Nation's 
goods and gold went gallantly and 
steadily through. The Overland 
Stage Coaches and the Pony Ex- 
press kept their perilous schedules. 
Through those means, Express 
service sped up America's growth, 
united her far-flung borders and 
served our young democracy. 

Today, nearly b. century later, 
Railway Express is serving Amer- 
ica with the same undaunted spirit. 
Twenty-three thousand express 
offices are the Trading Posts of 

1944. Fast express trains and air- 
planes follow the stage coach trails. 
The goods are mostly war materiel 
now. In peace time they will again 
encompass every conceivable per- 
sonal item as well as the products 
of industry and agriculture. 

You can help us carry our share 
of America's war time shipping 
load and serve you better by doing 
two simple things: Pack your 
shipments securely . . . address 
them clearly. Our century of ex- 
perience proves that "a shipment 
started right is half way there!" 

NATION-WIDE RAIL -AIR SERVICE 
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organizations and government 
agencies, with emphasis on terms 
dealing with standards and meas- 
urements, practical applications of 
mathematics, chemistry and phys- 
ics, aeronautics, electricity, radio, 
synthetics, plastics, automotive me- 
chanics, and shipbuilding. Broad 
coverage has also been given to 
fields of current importance in the 
war effort, .to subjects listed in pre - 
induction outlines and to subjects 
encountered in technical and voca- 
tional schools. 

Features of the book include 
strictly alphabetical listing of com- 
pound terms (not as "microscope, 
electron"), a comprehensive system 
of cross references, excellent use of 
approximately 90 illustrations to 
clarify difficult terms, and good 
representation of new terms like 
Dzus fastener, alclad, lucite, radar, 
etc. 

The term radar is defined thusly: 
Abbreviation for "Radio Detecting 
And Ranging" apparatus. It is 
based on the principle that ultra 
high -frequency radio waves radi- 
ating through space are reflected 
from the surface of objects within 
the field of radiation. The direction 

IMMEDIATE DELIVERY 

FIXED MOULDED BAKELITE 

MICA -DIELECTRIC 

CAPACITORS 
All Orders Bearing 

Army & Navy 
Inspection at Source 

Will Be Filled 
Within 10 Drys 

From Date of Order. 
All R.M.A. or A.S.A. color coded. 

A complete stock is ready for immediate ship- 
ment of quantities, ranging from 500 to 5,000 
of each capacity in regular MICA CAPACITORS 
in 5%, 10% and 20% tolerance and silvered 
MICA CAPACITORS ün 2%, 5%, and 10% 
tolerances. 

Notice to Manufacturers: Besides our reg ular stock of all capacities we have in 
stock ready for immediate delivery at 
all times: 

10,000 OF EACH 
.01 .006 .005 
.001 .0008 .0005 

.0002 .0001 

.002 

.00025 

.00005 
in regular mica foil capacitors, 5 & 10% Tolerance, manufactured in accordance 
with American War Standards to meet 
Army and Navy Specifications. 

Write for price sheets and 
complete information 

ALBERT ROTHENSTEIN 
135 Liberty St., New York 6, N. Y. 

PEAK 
LIFE 

\t. 
o 

EFFICIENCY 
' " IE EFF 

GFor 

Electronic 
Tube Eq°a_ent 
T ube Equipment 

or Electronic heat and? 
. _ ..,,e generated . from ei 

you 
erated electronic 

tgetpea efficiency 
(torn too° Eliminatelife 

equipment 
and longer tube 

leading 

is 

leading 

This is being pro 

manufacturers 
of electron 

todoy thank to the efficiency of 

PILOT BLOWERS. 
R5. Availoble in five 

output ranging 

and sizes with with 
stand 0 

C.P,M. also 
b with out' 

from 49 to 
1f.P. 

Motors 

custom-built 
F0 

F.M 

ut from 15 to 
Bulletin 

507 
Write forCOt',. 

F. A 
SM11H G. 

N 
Davis St., Rochester 

5, 

901 

If you aren't getting delivery as quickly as you 
like-remember, the a-med forces cossu first. 

Watch Cinaudagrtpb Speakers after Victory 

C.inaudagraph Speakers, Inc. 
3911 S. Michigan Ave., Chicago 

"e/Ya _ eWil,e4 ,SPAerice4, eAeide all fil e 1ozld . . 
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BUY WAR BONDS 

WITH UNERRING ACCURACY 

Today, as a result of American en- 

gineering skill ingeniously applying 
amplification principles to highly 
specialized instruments, thousands 

-of amplifiers by "Eastern" help to 

guide our army and navy bombers 
with unerring accuracy in success - 

BACK THE ATTACK * * 
* 

fully completing their vital missions. 

Our engineering staff invites your 

inquiry large and small production 

runs, even single units, receive our 

usual prompt attention. Frite for 

Bulletin 99. 

EASTERN 
AMPLIFIER CORP, 

194 E. 140th St., New York 54, N.Y. 

UNITED DYNAMOTORS 

Manufactured under gov- 
ernment specifications with 
government inspection at our 
plant. 

PROMPT DELIVERIES 

UNITED ENGINEERING CO. 
3317 N. Crawford Ave. Chicago, III. 

AfTRANSFORMERS FOR ? 
ELECTRONIC APPLICATIONS 

When the need for transformers arises in connection with the 
building of electronic products, let our engineers give you the 
benefit of their wartime experience in this fast developing field. 

Our 35 years of specialization in the designing and building of 
transformers will enable us, we believe, to meet your every require- 
ment, no matter how exacting. 

Send your specifications for a quotation 

DONGAN ELECTRIC MANUFACTURING CO. 

2977 Franklin Detroit 7, Mich. 

"The Dongan Line Since 1909" 

"DONGAN" 

of such an object in space can be 

determined by a directional antenna 
array, and its distance can be de- 

termined by the time required for 
the reflected waves (the "echo") to 

travel back to their point of origin. 
Also called "radio locator". 

A five -part Appendix contains 
American standard abbreviations, 
units of weight and measure, tem- 
perature interconversion tables, a 

table of chemical elements, and ge- 

ometrical shop data. 
Though primarily intended for 

engineering, technical and trade li- 

braries, the book should also prove 

valuable to general libraries and to 

teachers and students of engineer- 
ing, scientific and vocational sub- 

jects.-J.M. 

The Radio Amateur's 
Handbook 
By STAFF OF AMERICAN RADIO RELAY 

LEAGUE, 480 pages of text and 184 
pages of advertising and index. Price, 

American 
Twenty-first edition, 

Radio Relay League, West 
Hartford, Conn. 

SINCE AMATEUR radio stations are 
silent for the "the duration" The 
Radio Amateur's Handbook has 
temporarily lost its primary func- 
tion-that of providing the funda- 
mentals of radio and practical con- 

structional data to radio amateurs. 
But the Handbook has found an 

equally important war -time func- 
tion in the training of radio person- 
nel for war activities and in pre- 
senting practical data on high fre- 
quency techniques in which radio 
amateurs have always been spe- 
cialists. 

The twenty-first edition does not 
differ at all from its predecessor in 
intent, general scope, or method of 
treatment; the theoretical and con- 

structional portions remain sep- 
arated. Only in relatively minor 
matters is the text changed to bring 
it more nearly in line with current 
needs. A chapter on carrier cur- 
rent communication has been added 
and the chapter on war emergency 
radio service has been expanded 
and rewritten. 

The value of the Handbook may 
best be judged when it is realized 
that the present editions brings to 
more than 1,120,000 the number of 
copies which have been printed. 
-B.D. 

we. 
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ACZA-) 

PLATINUM 
Wire ä Ribbon n 
SILVER 

Sheet, Wire, Brazing Alloys 

THE AMERICAN PLATINUM 

WORKS 

Refiners â Manufacturers 
N.J.R.R. Ave. at Oliver Street 

Newark 5, N. J. 

For Sale 
INDUSTRIAL 

Electronic 

Machine 
and group of basic patents. 

Well known New England 

manufacturing concern will 

discuss sale on mutually 

favorable basis of subsidiary 

company that has been en- 

gaged in developing elec- 

tronic devices since 1931. 

Principals Only 

BO -634, Electronics 

330 West 42nd St., New York 18. N. Y. 

Bibliography and Abstracts 
on Electrical Contacts 
By A.S.T.M. COMMITTEE B-4 (chair- 
man -Erle I. Shobert, II, Stackpole 
Carbon Co.), American Society for 
Testing Materials, 260 S. Broad St., 
Philadelphia 2, Pa., 1944, 137 pages, 
price $5.00. 

A COMPILATION of 837 references to 
the literature appearing between 
1835 and 1943 on the subject of 
electrical contacts, arranged in 
chronological order, with practically 
all references since 1910 being ac- 
companied by abstracts taken from 
Science Abstracts, Chemical Ab- 
stracts and other sources or spe- 
cially prepared by members of the 
committee. A subject index divides 
the bibliography into the following 
groups of references on separate 
problems and details involved in the 
subject of electrical contacts: Gen- 
eral; Contact Materials; Circuit 
Breaker Design and Testing; Re- 
lays; Stationary Contacts; Sliding 
Contacts; Misc. Contact Applica- 
tions ; Contact Resistance and Tem- 
perature; Electric Arc as Applied 
to Contacts; Electric Arc in Gen- 
eral; Spark Discharge; Glow Dis- 
charge; Low Voltage Arc; Contact 
Wear; Circuit and Circuit Para- 
meters as Applied to Contact Oper- 
ation. In addition, an author index 
is provided for those wishing to 
follow the work of a particular in- 
dividual. A three -page key to ab- 
breviations of publications is in it- 
self a valuable reference to anyone 
having need to decipher abbrevia- 
tions of foreign publications.-J.M. 

NAVY WIDE -SCALE 
METER 

This worker is making final adjustments 
on a 150 -kw polyphase circular scale 
Instrument. The scale covers a 250 deg 
arc as required on U. S. Navy switch- 

board installations 

ORDINARY FUSE 

1 Cap cemented 
on. Easily loosened. 

2 No reinforce- 
ment of fuse ele- 
ment, 

3 Mechanically 
polarized. Responds 
to vibration. 

4 Unprotected 
against contrac- 
tion and expansion. 

LITTELFUSE 

1 LOCKED CAP 
ASSEMBLY (Pat.). 
No cement. 

2 Elements twist- 
ed at 90° against 
severe vibration. 

3 Mechanically 
depolarized against 
vibration. 

4 "Gooseneck" 
takes up contrac- 
tion and expansion. 

ENGINEERED FOR TODAY'S 
NEW CIRCUIT PROTECTION! 

"Quicker than a short circuit." 
Extraordinary circuit protection is 

now imperative in ever -widening 
fields of electrical products. Littel- 
fuse engineering meets and antici- 
pates these demands. 

Every Littelfuse is thoroughly pre- 
tested I cf:ire delivery. 

If your problem is circuit protec- 
tion Littelfuse can help you. 

LITTELFUSE Inc. 
263 Ong St., El Monte, California 

4793 Ravenswood Ave., Chicago 40, III. 
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WITH 
AN EYE 

TO 1E FUTURE 
I1, 

VALPEY 
1 

S 
G THEIR 

PART TODAY 
When split -sec - 

and communica- 

tions are imper- 

ative at the bat- 

tlefront, Valpey 

Crystals perform 

their duty to ut- 

most perfection. 

YOU 

WILL NEED 
THEM 

TOMORROW ! 

When peace 
reigns again, and 
your business re- 

turns to nor- 
malcy, we'll 
be serving you 
with new, cus- 

tom-made, 
precision -cut 
crystals de- 
signed to meet 
your problem 
in electronics. 

CM -1 
A design for nor- 
mal frequency con- 
trol applications. 

CBC-0 
Where utmost in 
stability requires 
constant tempera- 
ture control in 
commercial instal- 
lations. 

XLS 
Special new low 
frequency unit... 
vital in the newer 
fields of electron- 
ics. 

"CRAFTSMANSHIP IN CRYSTALS" 

Backtalk 
This department is oper- 
ated as an open forum 
where our readers may 
discuss problems of the 
electronic industry or 
comment on articles 
which ELECTRONICS 
has published. 

Voltage Doublers 
ON PAGE 354 of the March 1944 is- 
sue of ELECTRONICS and in your 
"Backtalk" Department appear two 
diagrams of a series line feed or 
half -wave doubler with a common 
cathode condenser. 

We believe it is in order to call 
your attention to the fact that this 
is a patented circuit and is cov- 
ered by U. S. Patent No. 2,172,692, 
assigned to P. R. Mallory & Co., 

Inc. This circuit is described in de- 
tail on page 59 of our MYE Tech- 
nical Manual. 

R. M. ELLIS 
P. R. Mallory d Co., Inc. 

Recording 
Re : Mr. Donald F. Pennie, p. 357, 

March 1944: 
(1) Why does "compression in 

one axis of the sound track dimen- 
sion require compression in the 
other"? (Your guess is as good as 
mine) . 

(2) (From the Inability -to -see - 
forest - because - of - trees Depart- 
ment) . 

Re : the electronic recording system 
in general: 

(a) As the so-called "aperture" 
in this case is obviously noth- 
ing but the actual cathode- 
ray spot itself, the whole 
question boils down to the 
possibility of obtaining a 
small enough ratio of spot 
size to total available screen 
area to insure a record of 
practical playing time. As 
television experience has ar- 
rived at 441 lines as a prac- 
ticable amount of resolution 
obtainable with modern cath- 
ode-ray tubes, we will use 
this figure in the discussion. 

(1) 441 X 441 equals 194,481, or 

For Tomorrow's 
Broadcasting- 

LOOK TO 

;LINGO 
For advanced design and 

superior performance in 

VERTICAL TUBULAR 

STEEL RADIATORS 

PATENTED FM 

TURNSTILE RADIATORS 

We're "all out" for Vic- 

tory. but our engineers 

are ready to work with 

you on post-war plans. 

JOHN E. LINGO $sou,lat. 
CAMDEN, NEW JEPSEY 

Professional Services 

STANLEY D. EILEN BERGER 
Consulting Engineer 

INDUSTRIAL ELECTRONICS 
Design-Development-Models 

Complete Laboratory and Shop Facilities 
6309 -13 -27th Ave 

Kenosha, Wis. Telephone 2-4213 

J. L. A. McLAUGHLIN 
Designer of 

Communications Receivers 

P. O. Box 529, LaJolla, Calif. 

JOSEPH RAZEK, Ph.D. 
Consulting Physicist 

Electrical and Mechanical Engineering Problema 
Instruments and Control Devices Electronics 
Specialists in Colorimetry. Spectophotometry and 

Industrial Color Control 
Laboratory and Shop Facilities 

202 Darby Road Llanerch, Pa. 
Phone Hilltop 6910 

WOODWARD & KEEL 
Consulting Engineers 
Industrial Electronics 

& Communications 

Earle Bldg., Washington 4, D. C. 
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the number of individual elements. 
(2) For a scanning aperture of 
wavelength and an upper fre- 

quency limit of 9000 cps (motion 
picture practice) we arrive at a 
figure of 18,000 scanning elements 
per second. 

(3) 194,481/18,000 equals about 
11 seconds, the playing time of the 
record. 

Assuming that a short recording 
like this might have a limited use- 
fulness for some purposes, I sug- 
gest that surplus inventive energy 
be devoted to the slight problem of 
tracking and avoidance of cross- 
talk between lines. 

(b) Mr. Pennie's suggestion of 
a mechanical system obvi- 
ously removes the "elec- 
tronic" from the proposal, 
and takes most of the fun 
away. I suggest as a further 
refinement that the scanning 
source be made fixed, and the 
record move past it. A drum 
might be covered with tin- 
foil, for instance, and slow, 
stable motion imparted to it 
with a hand crank. 

JOHN R. COONEY 
iValdoboro, Maine 

More on Recording 
THE FOLLOWING NOTE on recording 
is probably not original, but the 
writer has seen no mention of it in 
the literature and it is perhaps 
worthy of particular attention in 
these days of conservation. 

The maximum playing time of a 
disc record is realized when the re- 
corded surface extends from the 
outside of the record to half way 
toward the center and no further. 
To carry the recording beyond this 
point represents a loss of fidelity or 
a waste of possible recording time. 

In the final analysis the factors 
which limit the amount of time that 
can be recorded on a record are the 
material of the record and, the re- 
quired fidelity of the recording. 
These two factors together deter- 
mine the minimum allowable veloc- 
ity of the groove with respect to the 
-stylus. Consideration of this leads 
directly to the conclusion stated in 
the, paragraph above. 

The playing time, T, of a disc 
record, may be written : 

T=(R-r)co 
(Continued on page 360) 
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We Manufacture a complete line of equipment 
SPOT WELDERS, electric, from '/4 to 50 KVA AC ARC TRANSFORMERS,' special and standard types WELDERS 

INCANDESCENT LAMP manufacturing equipment From 100 to FLUORESCENT TUBE MAKING EQUIPMENT 400 Amps. ELECTRONIC EQUIPMENT, vacuum pumps, etc. 
WET GLASS slicing and cutting Machines for laboratory use 
GENERAL GLASS working machines and burners 
COLLEGE GLASS working units for students and laboratory 

EISLER ENGINEEJtING CO. 
731 So. 13th St. (near Avon Ave.) Newark. New Jersey 

Save Fingers W,th 
Steel -Grip Finger Guards 
Hundreds of factories are saving time and injuries in war production by protecting workers with Steel -Grip Finger Guards. Used for handling rough or sharp articles, for buffing. grinding, sanding, polishing, punch press work and, hundreds of other jobs. Protect fingers or thumb, front or back, from cuts, abrasions or blisters. Made of durable leather with elastic web back for snug, cool, comfortable fit. Easy on and off. One size fits all. men or women. Send 10c each for samples or trial order box of 50 at 83§c each, less 10%. 

Catalog of Steel -Grip Safety 
Apparel free on regnee 

- 

INDUSTRIAL GLOVES COMPANY 
Famous Industrial 325 Oarflald, Danv111a. Illinois 

(Safeguards Since 1910 In Canada:SafetySupplyCo.,Toronto) 

OlD NCItOv} 
STIEIGRIP 

Delay.. . 

BURSTEIN-APPLEBEE CO. 
1012-14 McGee St. Kansas City, Mo. 

FINE RIBBONS 
OF 

TUNGSTEN MOLYBDENUM 
Making a modest but effective contribu- 
tion in Electronics' War accomplishments. 
15 Beekman St. H. CROSS New York 

MICROMETER 
FREQUENCY 
METER 

for 
checking 

transmitters 
from 1.5 to 56 mc.. 

within 0.01 per cent 

LAMPKIN LABORATORIES 
Bradenton, Fla., U. S. 

Strip Insulated Wires 
QUICKER... BETTER 

with .40e0.1« 
AUTOMATIC WIRE STRIPPER 

Speeds Production 
Strips insulation from all types of 
wire - instantly, easily, perfectly. 
Just press the handles and the job 
is done. Cuts wire too. Strips 800 
to 1000 wires per hour. Available 
for all size solid or stranded wires 
-No. 8 to No. 30. List Price $6.00. 
Write Dept. E For Full Particulars 

GENERAL CEMENT MFG. CO. 

Rockford, Illinois, U.S.A. 

Electron Tube Machinery 
of every type, standard, and special design 

Specialists in Equipment for the manufac- 
ture of Radio Tubes, Cathode Ray Tubes, 
Fluorescent Lamps, Incandescent Limps, 
Neon Tubes, Photo Cells, X-ray Tubes 
and other glass or electronic products, on 

,production or laboratory basis. 

Ef1GIf1EERIfG tompnnv 
1307-1309 Seventh St., North Bergen, N. J. 

Continuously 
Since 1930 

AIRCRAFT 
MARINE BROADCAST 

POLICE COMMERCIAL AMATEUR 

HIPOWER CRYSTAL COMPANY 
Sales Division -20S W. Wacker Drive, Chicago 6 
Factory -2033 Charleston St., Chicago 47, III. 

Delivery K NOWING where to find some specific material, part or in- 
strument may be the difference between DELIVERY and 

DELAY. If the advertisements in this issue do not' cover your 
requirements; write 

ELECTRONICS 
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TYPE 65X 

Actual Size 

Other types available In 

the lower values 

RESISTOR BULLETIN 37 

DIVES FULL DETAILS 

It shows illustrations of the diff d 

ent types of S. S. White 
M 

Resistors and gives details 
etabo t 

construction, 
dimensions, 

A 

copy, with ce 
LiWrit tforllibe 

today. ailed 

on request.. 

.. 

WIDELY FAVORED because of 
NOISELESS operation, DURABILITY. 

and fine PERFORMANCE in 

all climates .. . 

STANDARD RANGE 
1000 ohms to 10 megohms. 

NOISE TESTED 
At slight additional cost, resistors in 

the Standard Range are supplied with 
each resistor noise tested to the follow- 
ing standard: "For the complete audio 
frequency range, resistors shall have 
less noise than corresponds to a 

change of resistance of 1 part in 

1,000,000." 

HIGH VALUES 
15 megohms to 

1,000.000 megohms 

S. S. WHITE 
The S. S. White Dental Mfg. Co. 

INDUSTRIAL DIVISION 
Department R, 10 East 40th St., New York 16, N. Y. 

They are being used more and more, 
especially on motors for precision instru- 
ments in the aircraft and naval fields- 
in important spots where brush failure 
might lose a plane or a ship. Investigate 
these advantages: non -corrosive, low 
friction, slight wear even at high alti- 
tudes; addition of very little silver in- 
creases current -carrying capacity without 
impairing commutating characteristics. A 

wide range of requirements can be met, 
since carbon grades can be impregnated 
with from 5% to 70% of silver. 

May we talk with you about your needs? 

SUPERIOR CARBON 

PRODUCTS, INC. 
9117 George Avenue 
CLEVELAND 5, OHIO 

MANFNTMAG?TS 
ALL SHAPES-ALL SIZES 

FOR ALL PURPOSES 
Stamped, Formed, and Cast; Chrome, Tung- 

sten Cobalt and ALNICO** (cast or sin- 

tered) under G. E. license. 

THOMAS & SKINNER 
STEEL PRODUCTS COMPANY 
1116 E. 23rd STREET INDIANAPOLIS, INDIANA 

Laminations for Radio Transformers - Tools 
Dies-Heat Treating-Stampings 

42 YEARS EXPERIENCE 

where: R is the outer radius of the recorded 
surface 

r is the inner radius of the recorded 
surface 

n is the number of grooves per unit 
radius 

w is the angular velocity (rpm if T is 

minutes.) 
The minimum track velocity oc- 

curs at the inner radius, r. Suppose, 
then, that the required fidelity and 
the recording material determine 
y, the minimum allowable track 
velocity. Then : 

y=2r 
orw= 

Substituting this value for (o in 
the first equation, differentiating 
with respect to r and equating to 
zero, gives, 

R = 2r 

The outer radius, R, is deter- 
mined by the diameter of the rec- 
ord, hence turntable speed should 
be chosen according to the formula: 

w 
a R 

There are several outstanding ad- 
vantages in adhering to the fore- 
going relationships, not the least 
of which is the greatly increased 
wearing time of a record recorded 
only half way in. The outstanding 
disadvantage is, of course, the ne- 
cessity of changing the turntable 

(Continued on page 366) 

ELECTRONIC CHARTS 

Used principally in the Westinghouse 
electronics laboratory and experimental 
factory, charts by Willard Lund teach 
assemblies to untrained as well as ex- 

perienced operators. A simple chart 
that showed tubulating a small glass 
exhaust tube to the main bulb reduced 

rejections by about 25 percent 
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POSITIONS VACANT 

SALES ENGINEER WANTED, Chicago terri- 
tory, for established manufacturer of metal fasteners widely used by industry on war and 

peacetime products. Prefer resident Chicago area, age 30-35 with engineering training. Give 
full details, education, experience, draft status, age, salary expected and recent photograph. 
Require statement of availability if engaged 
in war work or essential activity. P-615, Elec- 
tronics, 330 W. 42nd St., New York 18, N. Y. 
DESIGN ENGINEER wanted to direct the 

Design as the Idea man of Special Test Sets 
for checking and testing important units of Electronic Equipment Essential to the War Effort and in High Priority groups. Graduate Electrical Engineer with Electronic experience wanted. Yearly salary. Location near Atlantic 
Coast. Write outlining Education, experience 
and basis of availability. P-658, Electronics, 
330 W. 42nd St., New York 18, N. Y. 
GRADUATE ELECTRICAL ENGINEERS or 

men with equivalent industrial experience, 
for the development and design of pocket size radio and audio frequency equipment. We are especially interested in qualified engineers 
looking to the post war period who, at present. are not being used in their highest skill or capacity. The company is well established in the electronic field, located in the suburbs of 
a large metropolitan city in New England. 
P-659, Electronics, 330 W. 42nd St., New York 
18, N. Y. 
SOUND ENGINEER-to estimate and make 

layouts on industrial and marine sound and intercommunicating systems. Must be experi- 
enced. Post war opportunity. P-660, Elec- 
tronics, 330 W. 42nd St., New York 18, N. Y. 
ELECTRICAL ENGINEER to do experimental 

work in developing radio tube making equip- ment. Position offered is that of equipment 
design engineer on advanced developmental 
project. Applicants having previous training 
In radio tube or lamp manufacturing equip- 
ment preferred. However, applicants having 
qualified technical background and ability will 
be considered. Write RCA Victor Division, Lancaster, Pa. 
(Additional Position Vacant ads on pages 

362-365) 

EMPLOYMENT AGENCY 
ENGINEERS - Mechanical-Industrial-Elec- trical-Chemical-Civil-Architectural, etc. 
Our specialized service to Technical and Scien- 
tific men only, for over 60 years, continuously at the same address, enables us to offer a fine selection of positions for high grade Manu- facturing Executives, Production Managers, Metallurgists and Technical men of all types. The Engineering Agency, Inc., 53 W. Jackson 
'Blvd., Chicago 4, Ill. 

POSiTIO.N WANTED 
CONSULTING ENGINEER (electrical & me- chanical) complete laboratory facilities. 15 years practical experience electronics & relay controlled systems, instruments, motion picture 
sound recording installations, broadcasting equipment. Authority on ground systems. Art Davis, 1508 W. Verdugo, Burbank. Calif. 

REPRESENTATIVE WANTED 
MANUFACTURER of wire wound, vitreous enameled reelators interested in securing representatives for various territories. RW- 
668, Electronics. 330 W. 42nd St., New York 
18, N. Y. 

FOR SALE 
FOR SALE: 2 high frequency generators, 2 k.w. output, 3 phase, up to 60 megacycles, suitable for experimental work only. FS -667, Electronics, 520 N. Michigan Ave.. Chicago 
11. Ill. 

WANTED 
WANTED-RCA type 931 or 931A tubes from individual or company. Can supply AA -1 priority. Reply W-661, Electronics, 68 Post 
St., San Francisco 4, Cal. 

(Additional Wanted ad on page 362) 

I DO NOT Know all about corporation 
law, finance and everything else-But 
lam agood 
Production and Sales Manager 
with many years experience in the ap- 
pliance field. Am thinking of making a 
change; am now successfully manag- 
ing an Electronics business. Present 
earnings $15000-but most interested in 
Post -War opportunity and have some 
good ideas. 

PW-686, Electronics 
520 North Michigan Ave., Chicago 11, Ill. 

WANTED 

SALES ENGINEER 
Excellent wartime and post war oppor- 
tunity for the right man, covering Chi- 
cago territory for a manufacturer whose 
products are well known and widely used, 
especially in the electronic field. Appli- 
cant must have engineering training or 
at least five years of practical experience 
in engineering or manufacturing. Prefer 
man between 30 and 35 years of age. 
Write stating details of education, age, 
previous connections, experience and sal- 
ary. If already engaged in war work, 
require a statement of availability. Ad- 
dress 

SW -652 Electronics 
330 West 42nd St., New York 18, N. Y. 

NEW LINES 
WANTED 

Manufacturers' agent with technical 
personnel located in Chicago, contact- 
ing electrical manufacturers and auto- 
motive manufacturers, wish to add new 
lines. Raw materials preferred. Estab- 
lished over forty years. Cover Illinois, 
Indiana, Ohio, Michigan, Wisconsin, 
Minnesota and Iowa. Interested in de- 
velopment postwar era. 

RA 657, Electronics 
520 North Michigan Ave., Chicago 11, Ill. 

Attention Manufacturers 
Do your planting and 

weeding early 
Be ready to harvest 

when Victory comes. 

Plan your distribution now, be ready for your post 
war yroduction output. 
Of course you must continue on war production 
work day and night to speed that Anal day. 
Therefore, post war business Is the furthest from 
your mind now. But to plan then, In a short 
space of time, would be an expensive problem. 
As a manufacturers representative for over 15 
years In the New England and New York terri- 
tory, constantly calling and talking to various 
distributors of radio and appliance lines, I find 
these progressive distributors are anxious to plea 
now as to "Whose" lines they will carry. To- 
gether, we are planning. Why not You be the 
"Whose" line the distributor will sell. 
With my past record of volume business and 
established clientele. I could help you In estab- 
lishing your product with the cream of the crop 
in this territory. 
Your inquiry will be held strictly confidential. 

RA -649 Electronics 
330 W. 42nd St., New York 18, N. Y. 

Established manufacturers represen- 
tative and associates contacting 
midwest industries desire one more 
industrial and one radio parts line. 

RA -653, Electronics 
520 N. Michigan Ave., Chicago 11, Ill. 

Ì( 

IÌI 

I11 Ili When in Boston (Bean - 
town) let us know - 
We will be glad to 
acquaint you with the 

places to go, and see, including our 
new 4 story display storage and of- 
fice building at 885 Boylston Street. 

ANOTHER SOURCE 

OF SUPPLY 
Send your name to us and 
get on our mailing list. 
We distribute standard 
brand lines, and have 
available choice items in 
electrical and radio spe- 
cialties. Let us know 
your wants. 

Write-Phone-Wire 
THE LOUIS M. HERMAN CO. 

885 Boylston St., Boston 16, Mass. 
KEnmore 3720.3721.5154 

FREELAND & OLSCHNER 

PRODUCTS, INC. 

REBUILDERS OF 

RADIO TRANSMITTING TUBES 

611 Baroque St. New Orleans 13, La. 

BEST QUALITY, USED 
ELECTRON TUBE MACHINERY 

Equipment for the manufacture of all kinds of 
electron tubes, radio tubes, incandescent lamps. 
neon tubes, photo electric cells, X-ray tubes. etc. 

AMERICAN ELECTRICAL SALES CO., INC. 
65-67 East 8th St. New York. N. Y. 

10111111.1 -.1.011,...,..,, 
WANTED - SURPLUS 

Radio Parts of every description-Radio Hard- 
ware of all types-Screws, Nuts, Solder Lugs, 
Rubber Grommets, Hookup Wire, Eto. 

We particularly seek g ment cancel- 
lation or relected material 
LOUIS GANCHER CO. 

50 West Broadway, New York 7, N. Y. 
"In Radio Since 1921" 

AMERICAN MANUFACTURERS 
of ELECTRICAL 

and ELECTRONIC INSTRUMENTS 
which they desire to introduce to the British Market are 
invited to send particulars of their products to - 
THE ELECTRICAL APPARATUS CO., LTD. 

ST. ALBANS. ENGLAND 

ADDITIONAL 
ELECTRONICS-May, 1944 

EMPLOYMENT ADS ON PAGES 276, 324 & 353 
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Electrical, 
Radio Engineers 

Technicians, 
Laboratory Assistants 

wanted for 
important war work 

Interesting development 
work and test equipment 
design for mass produc- 
tion of electro -acoustical 
devices. Experience in 
electronics, acoustics or 
audio desirable. 

Good opportunity to get 
familiar with latest in 
audio and acoustical 
laboratory equipment and 
to do interesting research 
work. 

Excellent working condi- 
tions and postwar oppor- 
tunities with long estab- 
lished manufacturer. 

Call or write to: 

Chief Engineer 

DICTOGRAPH CORPORATION 

95-25 149 Street, Jamaica, New York 
Near LI RR station. 

(18 minutes from Pennsylvania Station.) 

1.1101,141101111.111111111111111101111111111111111111111111111111/1111111111111111110111111.111141111111111111.1111111111111111 

ENGINEERS 
DRAFTSMEN 

Openings for Mechanical or Electrical 
Engineers with college degree or equiv- 
alent, preferably with engineering ex- 
perience in the manufacturing field. 
Work is on government projects and 
involves analyzing manufacturing data 
and drawings, making tool and ma- 
chine analysis and making manufac- 
turing layouts, developing of assembly 
methods which involves a specific 
knowledge of metal working machines, 
machine tools, jigs, fixtures, punches 
and dies and testing equipment. 
Also several vacancies for Draftsmen 
who have had experience either in de- 
signing or detailing machinery and 
mechanisms. 

War Manpower regulations will be ob- 
served. 

Write to: 

Employment Manager 

WESTERN ELECTRIC CO. 
Arsenal of Communications 

2500 BROENING HIGHWAY 
Baltimore -24, Maryland 

WANTED 

ELECTRONIC ENGINEERS 

A well established company of 
excellent reputation located in 
the east, offers permanent posi- 
tion to a few engineers who 
have educational training and 
background in Electronic engi- 
neering or Physics. Unusual 
opportunities offered men who 

possess originality and initia- 

tive in connection with research 
and developments relating to 

television, radio, sound repro- 

duction and other applications. 
Write full particulars relative to 

education and experience. 

P. 635, Electronics, 330 West 42nd St., New York 18, N. Y. 

,,,,,,,,,,,,,,,,,,,,,,,,, 1,i,,,,,,,1,,,,,,,,,,,,,1 

Per Employment 

ELECTk. DEVELOP- 
MENT ' 1GINEERS 

Well - established Eastern Massachusetts 
concern desires graduate electronic 
engineers with flair for research and eye 
to future. Permanent position concerned 
at present with important development 
work for government with increased op- 
portunities after the war. Unusual open- 
ings for men with capacity and initiative. 
Must be U. S. Citizen's. 

P-670, Electronics 
330 W. 42nd St., New York 18, N. Y. 

RADIO ENGINEERS 

WANTED 
For laboratory design and develop- 

ment work we are interested in radio 
engineers with a college degree in 

communication engineering or physics 
or with the equivalent in radio design 
experience. We wish to add to our 
staff competent engineers for work on 

war products now and later to par- 
ticipate in our post-war development 
program, 

Write, giving full details as to edu- 
cation, age, experience, family and 

draft status and salary desired. 

If you are now engaged in essential 
industry at your highest skill please do 

not apply. We will welcome corre- 
spondence from honorably discharged 
service men who can qualify as radio 
engineers. Applicants living outside 

the Chicago area must obtain a "State- 
ment of Availability" from their near- 

est U. S. Employment Service office. 

MAJESTIC RADIO & 

TELEVISION CORPORATION 
2600 WEST 50TH STREET 

CHICAGO, 32, ILLINOIS 

WANTED 

ENGINEERS 
By leading television and electronics or- 
ganization in Manhattan a number of first 
class engineers specialized in Electronics, 
Physics, Physico-chemistry, and High - 
vacuum Technique, for research and 
development mainly on most important 
post-war products. Give full details of ex- 
perience and salary. Replies held in strict- 
est confidence. 

1'-1ió5, Electronics 
330 W. 12nd St., New York 18, N. Y. 

WANTED 

PRODUCT DESIGNERS 

AND, DETAILERS 
Work on small electro -mechan- 
ical devices. Excellent post- 
war prospects. Must comply 
with W.M.C. 

Address reply to: 

LEAR AVIA, INC. 
Piqua, Ohio Att: R. J. Biggs 

WANTED 

Electronic Engineer 
Electronic Engineer for Development 
Department of large industrial instru- 
ment company. Post War Position. 
Thorough design knowledge of tube 
circuits, oscillators, filters, modulators 
required. Experienced with servo 
mechanisms desirable. Location New 
England. Write detailed experience, 
draft status, availability. 

l'-669, Electronics 
520 North Michigan Ave., Chicago 11, Ill. 

SURPLUS PARTS WANTE 
RADIO AND ELECTRONIC PARTS 

All Field 
Tubes, Phonograph Motors, Pickups. Condensers, 
Resistors. etc.-Any Quantity-Samples Appreciated 

What do you need? 

EDWARD BLOCK 
53 Bancroft St., Springfield 7, Mass. 
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WANTED 
Electrical Circuit Engineer 

We want an executive type man with imagination to 
take charge of the department which designs and builds 

our electronic tube testing apparatus. You must be an 

experienced supervisor with a creative mind able to 
develop better, faster units to aid in sustaining quality 
of radio tubes made for our armed forces. Electrical 
circuit engineering background is imperative, preferably 
on testing equipment. 

Tell us why you think you are the man for this position. 
Write to Myron P. Whitney, NATIONAL UNION 
RADIO CORPORATION, 15 Washington Street, 
Newark, 2, N. J. 

WAR WORK AT ITS BEST 
High priority War Industry operating in the vicinity 

of Knoxville, Tennessee, has immediate need of 
experienced men in the following Technical Fields: 

Electrical Design Engineers 

Mechanical Design Engineers 

Physicists 

Electrical Engineers 

Mechanical Engineers 

Chemical Engineers 

Mechanical Draftsmen 

Electrical Draftsmen 

Adequate living conditions for men and women on 
Project. 

State age, education, experience, salary record, 
references, and when available under present War 
Manpower Commission regulations. 

TENNESSEE EASTMAN CORPORATION 
Post Office Box 628 Knoxville 5, Tennessee 

ELECTRONICS - May 1944 
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OPPORTUNITY 

for an 

EXECUTIVE 
ENGINEER 

to head up an important divi- 
sion of a 56 year old American 
firm located in New York City. 
The man who fills this post will 
have the following qualifica- 
tions: 

1-Demonstrated executive 
ability to coordinate and 
integrate work of sizable 
technical staff. 

2-Graduate in Mechanical or 
Electrical Engineering. 

3-Minimum 5 years' expe- 
rience with manufacturer 
preferred. 

4-Up-to-the-minute knowl- 
edge of what goes on in 
the field of Electronics. 

This is a lifetime opportunity 
for a man who accomplishes 
things. He will be accorded 
every possible assistance of a 
resourceful organization with 
an unsurpassed reputation for 
excellence of its manufacture. 
Projects now under way and in 
development make this oppor- 
tunity a definite challenge to 
any engineer with vision and 
ability. 

Write fully, in confidence, giv- 
ing every detail that will en- 
able us to judge your qualifica- 
tions. Interviews will be ar- 
ranged with the President of 
the Company. 

MOSER & COTINS 
N. Y. CITY CORPORATION 

420 Lexington Avenue 
New York 17, N. Y. 
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RADIO -ELECTRONIC 
ENGINEERS 

TESTERS 
TECHNICIANS 

EXCELLENT OPPORTUNITIES 
IN A MAJOR POST WAR FIELD 
Openings available at our Research 

Laboratories and Electronic manufac- 
turing unit. Leaders in the design and 
development of vital electronic equip- 
ment for the armed forces. 

Essential workers need release state- 
ment. 

Write, stating experience, education. 
draft status, salary requirements or 
apply to 

SPERRY 
GYROSCOPE CO., INC. 

RESEARCH LABS. & ELECTRONIC 
PLANT 

STEWART AVE. & CLINTON RD. 

GARDEN CITY. NEW YORK 

Permanent Positions 
Available with national manufac- 

turer in essential X -Rap industry. Ex- 

perienced Field Service and Sales 
Engineers will be placed in branch 
offices immediately. Factory training 
courses available for man with tech- 
nical background. Excellent opportunity 
for Electrical Engineers. Work is inter- 
esting and under pleasant conditions. 
Ample opportunities for advancement. 

Write fie Supervisor, 
Technical Employment 

Union Bank Building 
Pittsburgh 22, Pennsylvania 

WESTINGHOUSE ELECTRIC 
& MANUFACTURING CO. 

PERMANENT POSITION 

for 

Electroacoustic or 

Electromechanical Engineer 

Must have substantial experience and 
demonstrated initiative in design and 
measurement of practical electroacous- 
tic or electromechanical transducers. 
To illustrate the requirements, he must 
be capable of taking full responsibil- 
ity for determining the equivalent cir- 
cuit constants of plezo-electric crystal 
plates and assemblies used as trans- 
ducers, including the development of 
necessary measuring apparatus and 
techniques. The position offers excel- 
lent opportunity to contribute to the 
Was effort, followed by a continuing 
program of post war development. 

Write to: A. L. WILLIAMS, President 

THE BRUSH DEVELOPMENT CO. 
3311 Perkins Ave., Cleveland 14. Ohio 

WANTED 

ELECTROLYTIC CAPACITOR 

CHIEF ENGINEER 
Capable of designing and supervising installation 
et equipment. To take complete charge of labora- 
tory and supervise production quality control. 
Must have previous experience with etching and 
formation processes. Write stating experience. edu- 
eatlon, draft status, present and previous earnings 
and salary requirements. Ali replies will be held 
In strictest confidence. Excellent post war pout. 
bllities involving Inclusion in owner -management 
group of young, aggressive capacitor manufacturer. 
Address. 

P-644, Electronics 
620 N. Michigan Ave.. Chicago 11, Ill. 

MI 

WANTED 

ENGINEER 
with 

ELECTRONIC or ELECTRICAL 
Experience for Research 
and Development In our 

TOCCO HEAT TREATING 
INDUSTRY 

Post War Future 
Good Salary for Right Applicant 

OHIO CRANKSHAFT 
3800 Harvard Cleveland, Ohio 

WANTED 

ELECTRONIC ENGINEER 

to work 100% on the job-rather than 
25% actual work and 75% "holding 
the job." 

The Engineer we need must have sub- 
stantial experience and demonstrated 
initiative in design, research and de- 

velopment. 

The position offers an excellent oppor- 
tunity with a well -established company 
in western New England, employing 
over 100 personnel. This company's 
5 years pre-war industrial background 
assures a continued program of post- 
war advancement. 

P-662 Electronics 
330 West 42nd St., New York, N. Y. 

WANTED 

ENGINEERS-DESIGNERS 
ELECTRICAL, MECHANICAL 

RADIO, ACOUSTICAL 

For Research and Development Laboratory 
of established company engaged in war 
work. Activity includes electronic control 
equipment, continuous recorders, special 
radio devices, and aircraft accessories. 

Excellent post-war opportunities. Labora- 
tory located in central Manhattan. All re- 
plies strictly confidential. Write full details. 

P-651, Electronics 
330 W. 42nd St., New York 18, N. Y. 

Post -War Radio Engineer 

WANTED 
N O W 

To the radio engineer who is thor- 
oughly familiar with broadcast receiver 
designs, production and detailing; and 
who can take a set through from 
scratch whether it be a midget or a 

console, we offer a superb post-war 
position open now with a live -wire, pro- 
gressive Mid -west plant. Salary com- 
mensurate with ability and previous 
experience, but we will not hesitate to 
start at $6000. Write in full detail 
describing former work and background, 
enclosing a small picture (which will 
not be returned) if possible. All re- 
plies held in strictest confidence. Our 
employees know of this advertisement. 

P-656. Electronics 
820 North Michigan Ave., Chicago 11, Ill. 

WANTED 

DRAFTSMAN -DESIGNER 
On small mechanical and electrical 
apparatus. Knowledge of die cast- 
ing and plastic applications desir- 
able. 
This position gives a very definite 
opportunity for a good man in a 
Connecticut organization now and 
after the war. 

Statement of Availability required. 
P-655, Electronics 

330 W. 42nd St., New York 18. N. Y. 

RADIO OR ELECTRONIC 

DEVELOPMENT ENGINEER 

WITH EXPERIENCE IN CIRCUIT AND 

AMPLIFIER DESIGN WANTED IN 

LABORATORY OF OLD ESTABLISHED 

MANUFACTURER OF ELECTRONIC 

EQUIPMENT AND INSTRUMENTS, LO- 

CATED IN NEWARK, N. J. AREA. JOB 

WILL CONSIST OF DEVELOPING AND 

IMPROVING INDUSTRIAL EQUIPMENT 

AND REQUIRES CAREFUL AND THOR- 

OUGH INDIVIDUAL. GIVE BRIEF SUM- 

MARY OF EDUCATION, EXPERIENCE. 

SALARY EXPECTED, DRAFT STATUS 

AND AVAILABILITY. 

P-663, Electronics 
330 W. 42nd St., New York 18, N. Y. 

Bet 

WANTED 

DEVELOPMENT ENGINEERS 
Mechanical and electrical. College graduate or 
equivalente tn requiredtraining 

equ red 
for development work 

In 
L eeuondica thoroughknowledgef 

signaling 
anmagnetictic 

circuits. 
2. Measuring and control instruments. Requires 

background in electrical engineering including 
electronics. Creative mind and interest in de- 
sign of small electro -mechanical apparatus. 

Above openings in long-established New England 
manufacturing concern employing over 1000 people. 

W.M.C. Regulations prevail. 

P-654, Electronics 
330 W. 42nd St., New York 18, N. Y. 

emxmlesegam 

ENGINEER - ELECTRONIC 
We want a man familiar with vacuum 
tubes, preferably someone with ideas for 
postwar products. Ours is a small com- 
pany with large resources and widely di- 
versified activities. It is an unusual 
opportunity for a man joining us now. 

Our staff knows of this advertisement, so 
have no hesitancy in writing. Give com- 
plete information of education, experience, 
salary desired (or now enjoyed) together 
with telephone number. 

P-664, Electronics 
020 N. Michigan Ave., Chicago 11, I1L 
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MEASURES 

ftUAXTITIES 
with greater 

sitivity range Sen before 
than eves 

accomplished 

PATS. APP. FOR 

TECH LAB MICROHMMETER 
gives direct and instantaneous 

readings of resistance values clown to 
5 microhms and up to 1,000,000 me- 

gohms. Accuracy in all measurements to 

better than 2' ,. Output is sufficient to 
drive recorder. Entirely AC operated. 
Furnished in two models. Reasonably 
prompt deliveries. For complete data 
regarding other applications write for 
Bulletin No. 432. 

aLABORATORIESm 

7 LINCOLN STREET 
JERSEY CITY 7, N. J. 

company that makes 
_Lrictly for its own use, 

to be p...yed only on its own turn- 
tables, the disadvantage is small. 
To the amateur who does his own 
mechanical work and records for 
pleasure, it is practically no disad- 
vantage; the writer has found that, 
taking into consideration the high 
frequency response of his cutting 
head, about eight minutes can be 
put onto a cheap ten -inch disc with- 
out serious loss. 

SUTHERLAND MACKLEM 
Research Enterprises Ltd. 

Leaside, Ontario 

Inductance Bridge 
SEVERAL QUESTIONS have arisen in 
connection with Mr. Mittleman's 
article in February ELECTRONICS 

("Inductance Bridge for Communi- 
cation Circuits.") The following 
comments, contributed by Mr. Mit- 
tleman should be useful to readers 
who have been interested in this 
article. 

The maximum inductance which 
it is practical to measure on this 
bridge is about 250 microhenries 
as the instrument has been de- 
scribed. 

The 25,000 ohm resistor in the 
cathode circuit of the 6C5 tube is 
intended to establish the initial op- 

WIRE WEAVER 

This basket -weaving machine braids 
wire sheathing on a cable for naval 
use. The machine weaves 360 wires 
at one time and was shown in U. S. 

Steel's annual report for 1943 

A Word 

about Our 

Production 

Facilities 

We can handle and are handling 

big orders for permanent mag- 

nets . . . handling orders from 

many exacting manufacturers of 

electronics equipment including 

Sperry, Philco, Galvin, Motorola, 
Raytheon, Bendix and others. 

We have the skilled workmen 

and the manufacturing facilities 

... and the experienced engi- 

neers to help you design the best 

type of permanent magnet for 
your equipment. 

Among the steels going into our 

magnets are ALNICO and NIP- 

ERMAG, two metals of excep- 

tionally high energy product. 

5 -CC -1 

CINAUDAGRAPH 
CORPORATION 

STAMFORD, CONNECTICUT 
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AITUAX 
IN 

SELECTIVE 
SERVICE 

"RELAYED - FLUX" 
Microdyne 

"The Standard by Whieh Others 
Are Judged and Valued" 

EQUIPMENT for the war effort.- 
(1.) MUST perform up to highest 

standards. 

(2.) MUST continue to perform ir- 
respective of climatic variations. 

That is whyAUDAXmagnetienlly 
powered pickups are selected for war 
contracts. In building pickups under 
such contracts, we do not have to 
change our peacetime specifications be- 
cause such MUSTS have always been 
a basic requirement in AUDAX Instru- 
ments. 

The sharp clean-cut facsimile reproduc- 
don of MICRODYNE-regardless of cli- 

matic conditions-is a marvel to all who 
have put it to the only test that really 
counts ... the EAR TEST. 

WITH 0111 COMPLIMENTS 

A copy of "PICKUP FACTS" is 
yours for the asking. It answers 
many questions concerning record 
reproduction. 

BUY WAR BONDS 

AUDAK COMPANY 
500 Fifth Ave. New York City 

"Creators of High Grade Electrical 
and Acoustical Apparatus Since 1915." 

orating condition of the vacuum - 
tube voltmeter. In the absence of a 
signal, the cathode resistor is ad- 
justed until the plate current of the 
6C5 reads 1 milliampere, normal 
plate current as indicated in the 
schematic diagram. 

The abbreviations S.L.F. and 
S.L.C. have been used for about two 
decades to mean "straight line fre- 
quency" and "straight line capaci- 
tance" when applied to condensers. 
An S.L.F. condenser is one in which 
capacitance varies in such a way 
that the frequency of a tuned cir- 
cuit is proportional to the angle of 
rotation of the rotary plate. On the 
other hand, an S.L.C. condenser is 
one in which the capacitance is di- 
rectly proportional to the angle of 
rotation of the rotary plate. 

Condenser Ce should be shown as 
a variable condenser. This is the 
zero adjustment shown as the small 
condenser in the center of the panel 
just above the binding post. The 
condenser Ce shown in the sche- 
matic wiring diagram as 300 µµf 
S.L.C. is in reality an adjustable 
condenser which is fixed in capaci- 
tance once it is adjusted. The other 
two condensers shown associated 
with switch Sw2 should be variable 
as shown. 

B. DUDLEY 
Western Editor, ELEcrnoNICs 

Chicago 

FIREMAN'S 
WALKIE-TALKIE 

Used to direct firemen from the street 
at a recent fire in New York City, this 
walkie-talkie is tested by assistant fire 
chief John J. McCarthy. The fireman at 
the right is contacting fire headquarters 
with a two-way radio -telephone in the 

car 

NOW 

a really high-powered 

RADIO 
ENGINEERING 

LIBRARY 

Note: 
The Library comprises 
a selection of books 
c u I l e d from leading 
McGraw - Hill publica- 
tions in the radio 
field. 

especially selected by radio speelalisb of 

McGraw-Hill publications 

to sloe most complete, dependable oor- 

erage of facts needed by all whose Settle 

are grounded on radle fundamentals 

available at a special price and terms 

These books cover circuit phenomena, tube 
theory, networks, measurements, and other 
subjects-give specialized treatments of all 
fields of practical desiign and application. They 
are books of recognized position In the litera- 
ture-books you will refer to and be referred 
to often. If you are a practical designer, re- 
searcher or engineer in any field based on radio, 
you want these books for the help they give in 
hundreds of problems throughout the whole 
field of radio engineering. 

5 volumes, 3559 pages, 2558 illustrations 

Eastman's FUNDAMENTALS OF 
VACUUM TUBES, 2nd edition 

Terman's RADIO ENGINEERING, 2nd 
edition 

Everitt's COMMUNICATION ENGI- 
NEERING, 2nd edition 

Hund's HIGH FREQUENCY'MEASURE- 
MENTS 

Henney's RADIO ENGINEERING HAND- 
BOOK, 3rd edition 

SPECIAL LOW PRICE EASY TERMS 

Special price under this offer lees than cost 
of books bought separately. In addition, you 
have the privilege of paying in easy install- 
ments beginning with $9.00 in 10 days after 
receipt of books and $3.00 monthly thereafter. 
Already these books are recognized as standard 
works that you are bound to require sooner or 
later. Take advantage of these convenient 
terms to add them to your library now. 

FOR 10 DAYS EXAMINATION SEND THIS 

ON -APPROVAL COUPON 

McGraw-Hill Book Co.. 330 W. 42 St., N.Y.C. 19 

Send me Radio Engineering Library for 10 days' 
examination on approval In 10 days I will send 
$3.00 plus few cents postage, and $3.00 monthly 
till $24 is paid, or return books postpaid. (We 
pay 

yfat 
postage 

on orders 
accompanied by remittance 

of 

Name 

Address 

City and State 

Position 

Company L 5-44 
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DAVEN PRESENTS AN IMPROVED 

LINE OF FAMOUS ATTENUATORS 

NEW DETENT GEAR (Indexing Device) Preferred by_ 
leadinglaboratories and accepted by United States Signal Corps, 
Navy and other governmental agencies. The new DAVEN Detent Gear 
provides more positive action, greater degree of accuracy, more uni- 
formity in operation, longer life and a stronger stop mechanism. 

NEW MATERIALS The contacts and switches of these attenu- 
ctors are made of tarnish -proof silver alloy, giving uniform and definite 
electrical contact. Cleaning and lubricating of the contact points are 
now completely eliminated. 

NEW TYPE STEEL COVER More rugged than heretofore, this 
DAVEN designed cover affords improved magnetic shielding. The body 
of the cover forms an integral part of the attenuator assembly, pro- 
tecting the resistors. A snap -on cap gives ready access to switch 
blades and contacts. 

This improved line of attenuators is the result of DAVEN'S persistent search 
for better methods. These attenuators are noise -free in operation ... supply 
positive values for each setting of the dial ... and will meet the most rigid 
specifications. In broadcasting, television, sound studios, commercial com- 
munications and electrical laboratories, where quality of performance knows 
no compromise - depend on DAVEN attenuators. 

BACK THE ATTACK... JEEP BUYING MORE WAR BONDS 

THE DAVEN 
194-CENTRAL AVENUE 
NEWARK 4, NEW JERSEY 

Front View of Detent 
Mechanism. Attenuators 
without detenta avail- 
able in standard aad 
special DAVEN models. 

COMPANY 
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PHOTOTUBES have found such a wide variety of applications 
that many types have been developed to meet special needs. 

The complete RCA line includes both gas -filled and high -vacuum 
phototubes, with various spectral responses and a variety of sizes 
and shapes. And for applications requiring extreme sensitivity, 
RCA supplies multiplier phototubes. 
A phototube acts as a light -actuated electric valve. (It does not 
convert light energy to electrical energy, but acts only as a con- 
trol device.) The current passed is in proportion to incident light. 
Some phototubes are "high -vacuum" types; some are filled with an 
Inert gas (such as argon) to increase current -carrying capacity. 
A multiplier phototube contains additional electrodes (dynodes) 
which emit secondary electrons and thus greatly increase sensi- 
tivity and output current as compared to 2 -electrode phototubes. 
Color Sensitivity: The cathode coating material and the envelope 
glass determine color sensitivity. RCA phototubes fall into five 
"color groups": 

Use Tube Types Maximum Color Sensitivity 
With incandescent lamps High vacuum: 925, Gas- Red and infra -red 

filled: 
868, 920, 924, 927*, 

With incandescent lamps High vacuum: 917, 919, Similar to above, but sensi- -and for infra -red anon- 922*. Gas -filled: 918, tivity extended further into cation 921*, 923, 930* infra -rod 
With light source for col- H ighvacuum: 926 Blue light. Approximates the orimetry application human eye 
With daylight, carbonarc, High -vacuum: 929*, 934. Blue light. Very sensitive to or mercury-vapor light Multipliers: 931A*, IP21 incandescent light at a color source 

- temperature above 2700°K. 
For ultra-violet measure- High -vacuum: 935, IP28 Same as above, but special meet glass envelope permits high 
*An RCA. Preferred T ultraviolet sensitivity ype Tube 

Color response curves are available on all RCA phototubes. 
Vacuum- or Gas- or Multiplier -Type? Several important fac- 
tors to be considered in selecting the general type of phototube for 
a service are given in the following table. Specific values should be considered in selecting the actual tube type. 

Send for this valuable data 
Frveeer to ectronics 

Phototube Boers: "RCA 
Booklet," complete with 11 
typical circuit diagrams, 
curves, table;;, and clearly 
written text. Address: 
RCA, 713 South Fifth Street, Harrison, N. J. 

Please send free phototube data to: 

Name 

Company 

Address 

City State 

Characteristic High -Vacuum type Gas -filled type Multiplier type 
Sensitivity Low Medium Very high Current Output Low Medium Very high Amplification factor 1 Up to 10 Up to 1,000,000 
Relative signal -to- 

noise ratio (includ 
ing amplifier stage) 

Low Intermediate High 

Anode Volts Up to 500 Not over 90 Up to 1250 Distortion (audio) Negligible Appreciable In 
some cases 

Negligible 

Frequency Range Limited largely Limited by tube Limited largely by circuit performance by circuit 

Gas -filled phototubes are, at present, extensively used for sound - 
on -film reproduction and for relay work. Vacuum -types are widely 
used where high sensitivity is needed; for precision measurement 
where stability of calibration is essential; and for high-speed work. 
Sensitivity: The sensitivity of a phototube may vary according to 
whether the light change is abrupt or continuous. Static sensitivity 
is the ratio of anode direct current to constant light flux. Dynamic 
sensitivity is the ratio of the variation of anode current to the 
variation of light input. The sensitivity of gas -filled phototubes 
drops off as light -source frequency increases. 
Optical Systems: The use of phototubes usually involves some 
sort of optical system. The fundamentals of optics must be care- 
fully considered in the successful application of phototubes. 
Mechanical Features: As illustrated at left, several types of tubes 
are available. Size, vibration, directional requirements, etc., all 
may influence the choice of one of the many RCA phototubes. 
Phototube Life: Phototubes are inherently sturdy, long-lived 
tubes and when operated under recommended conditions, give 
extended reliable service. 

Application Hints: Here are a few general suggestions on apply- 
ing phototubes: 
1./n relay and measurement circuits where tubes must respond 

to very small amounts of light, avoid leakage currents outside 
tube. Keep tube terminals and sockets clean. Erratic leakage 
currents will affect results. 

2In amplifiers where low leakage is important, select top cap 
types such 917, 919, or 935. 

3 -Shield phototube and leads to amplifier or relay tubes when 
amplifier gain or phototube load resistance is high. 

4 -Where high -frequency response is important keep phototube 
leads short to minimize capacitance shunting of output. 

S.For constant calibration of high -precision vacuum phototube 
devices, keep anode voltage at or below 20 volts. Keep incident 
light spread over wide cathode area. 

6 -Design or circuit constants should be based on tests with the 
equipment operating over the expected range of line -voltage 
variation. 

7 -RCA voltage -regulator tubes can improve phototube circuit 
performance. 

!Anode characteristic curves on phototubes can be used to 
predict performance under given operating conditions. 

What Phototube Do You Need? 
Due to space limitations, the sug- 
gestions presented here are brief 
and in a condensed, summary 
form. If you have a specific ap- 
plication problem or wish to dis- 
cuss your phototube requirements 
with us, write to RCA, Commer- 
cial Engineering Section, '713 S. 
Fifth Street, Harrison, N. J. For 
further published information on 
RCA Phototubes and how to use 
them, send the coupon at left. 

RCA VICTOR DIVISION CAMDEN, N. J. 
he Magic Brain of all electronic equipment is a Tube and 

the fountain -head of moderTube development is RCA. 


